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Mr.  Claude  Lanthier 
Chairman,  Canadian  Section 
International  Joint  Commission 
100  Metcalfe  Street,  18th  Floor 
Ottawa,  Ontario,  Canada 
KIP  5M1 


Mr.  Gordon  K.  Durnil 

Chairman,  United  States  Section 

International  Joint  Commission 

1250  23rd  St.  N.W.,  Suite  100 

Washington,  D,C.     204400 

U.S.A. 


Dear  Sirs: 

The  Niagara  River  has  been  designated  by  Canada  and  the  United  States  as  an  Area  of 
Concern  under  the  terms  of  the  Great  Laices  Water  Quality  Agreement  (GLWQA),  as  amended 
by  the  Protocol  of  1  987.  Annex  2  of  the  Agreement  calls  for  the  development  of  Remedial 
Action  Plans  for  Areas  of  Concern  and  submission  of  documentation  in  three  stages  to  the 
IJC.  Remedial  Action  Plans  are  being  prepared  separately  for  the  Canadian  and  U.S.  portions 
of  the  Niagara  River  Area  of  Concern. 

In  Canada,  the  Remedial  Action  Plan  process  is  a  joint  federal-provincial  initiative.  The  Niagara 
River  RAP  is  being  developed  with  the  active  involvement  of  a  Public  Advisory  Committee 
(PAC)  representing  many  sectors  of  society,  including  the  general  public,  local  governments, 
interest  groups  and  industry. 

On  behalf  of  participating  agencies  and  the  Niagara  River  PAC,  we  are  pleased  to  submit 
Stage  1  of  the  Niagara  River  Remedial  Action  Plan.  The  document  has  been  developed  in 
close  cooperation  with  the  Public  Advisory  Committee  and  their  letter  of  support  is  attached. 

The  New  York  Department  of  Environmental  Conservation,  which  has  responsibility  for 
development  of  the  RAP  for  the  U.S.  portion  of  the  AOC  has  received  Canadian 
Federal/Provincial  comments  on  their  draft  RAP  document  and  anticipate  that  they  will  be 
submitting  their  RAP  report  to  the  IJC  for  review  in  the  near  future.  American  and  Canadian 
agencies  are  cooperating  in  the  exchange  of  information  and  documentation  on  their 
respective  RAP  programs.  The  Canadian  Stage  1  Report  is  being  forwarded  to  U.S.  agencies 
and  the  U.  S.  Niagara  River  Advisory  Committee.  In  addition,  the  four-party  Niagara  River 
Toxics  Management  Plan  provides  a  joint  mechanism  for  furthering  clean-up  of  the  Niagara 
River. 


Both  the  Canadian  Niagara  Stage  1  Report  and  conclusions  of  the  Niagara  River  Toxics 
Management  Plan  highlight  the  significance  of  U.S.  sources  as  major  contributors  to 
impairments  in  the  Niagara  River  ecosystem.  It  is  apparent  that  complete  restoration  of 
impaired  uses  will  not  occur  without  concrete  study,  planning  and  action  on  these  U.S.  point 
and  non-point  sources.  We  will  continue  to  urge  U.S.  regulatory  agencies  to  take  prompt  and 
effective  action  and  to  provide  clear  evidence  of  reductions  in  toxic  discharges  to  the  Niagara 
River. 
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The  Stage  1  RAP  provides  a  description  of  environmental  conditions  and  problems  based  on 
information  available  at  the  time  of  preparation.  Results  of  more  recent  investigations  and 
further  consultation  with  the  public  will  be  reflected  in  the  Stage  2  submission. 

Twenty-five  copies  of  the  Stage  1  RAP  have  been  forwarded  directly  to  the  IJC  Regional 
Office  in  Windsor.  The  RAP  Coordinator  for  Ontario,  Belinda  Koblik-Berger,  would  be  pleased 
to  make  a  presentation  on  this  document  to  the  Commission  or  its  staff  at  your  invitation. 
We  look  forward  to  receiving  comments  from  the  Commission. 
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Victor  Shantora 

A/Regional  Director  General 
Conservation  and  Protection 
Ontario  Region 
Environment  Canada 
25  St.  Clair  Ave.  E. 
6th  Floor 

Toronto,  Ontario   MAT  1M2 
(4T6)  973-6540 


Peter  Victor 


Assistant  Deputy  Minister 

Environmental  Sciences  &  Standards  Division 

Ontario  Ministry  of  Environment  &  Energy 

135  St.  Clair  Ave.  W. 

14th  Floor 

Toronto,  Ontario 

M4V  1  P5 

(416)  323-4273 


Sheila  Willis 

Assistant  Deputy  Minister 

Regional  Operations  Division 

Ontario  Ministry  of  Environment  &  Energy 

135  St.  Clair  Ave.  W. 

14th  Floor 

Toronto,  Ontario 

M4V  1P5 

(416)    323-4354 
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PUBLIC   ADVISORY  COMMITTEE 


The  Honourable  Claude  Lanthier 
Chairman,  Canadian  Section 
International  Joint  Commission 


Mr.  Gordon  K.  Durnil 

Chairman,  U.S.  Section 
International  Joint  Commission 


The  Honourable  Ruth  Grier 
Minister,  Ontario  Ministry 
ot  the  Environment 

The  Honourable  Pauline  Browes 
Minister  of  State  for  the  Environment 


November  10,  1992 


Dear  Madams/Sirs: 

RE:  Niagara  River  Remedial  Action  Plan  -  Stage  I  Report 


On  behalf  of  the  Niagara  River  Remedial  Action  Plan  Public 
Advisory  Committee  (PAC),  I  wish  to  express  our  endorsement  of 
the  Niagara  River  Stage  I  Remedial  Action  Plan  (RAP).  I  would 
also  like  to  convey  our  appreciation  to  the  governments  of  Canada 
and  Ontario  for  initiating  and  conducting  the  Niagara  River 
Remedial  Action  Plan,  and  for  involving  the  public  through  its 
PAC.  It  is  refreshing  to  note  that  the  input  of  the  PAC  has  been 
given  serious  consideration  by  the  RAP  Team,  and  our  input  has 
more  than  once  altered  the  nature  of  the  final  product,  '^ne  such 
example  is  provided  by  the  PAC's  recommendation  in  1989  to  extend 
the  boundaries  of  the  Area  of  Concern  ( AOC)  to  the  headwaters  of 
the  Welland  River. 


The  Niagara  River  PAC  is  a  group  of  dedicated  volunteers, 
who  have  been  holding  meetings  of  the  whole  committee  and  various 
subcommittees  regularly  for  3  1/2  years.  The  commitment  of  the 
PAC  to  providing  input  to  the  Stage  I  report  through  its 
meetings,  workshops,  and  various  public  outreach  activities  is 
detailed  in  section  1.6  of  the  document .  All  Niagara  River  PAC 
members  'lave  had  an  opportunity  to  share  their  Individual 
concerns  during  the  process,  and  all  PAC  meetings  are  open  to  the 
Dubl ic . 


Remedial  Action  Plan 
Plan  d'Assainissement 


CanadS  ®  Ontario 


While  supporting   and  endorsing  the  Stage   I  Remedial  Action 
Plan,  the  PAC  has  raised  some  issues ,  namely : - 

*  The  Stage  I  component  of  the  RAP  and  the 
production  of  the  Stage  I  report  has  taken 
too  long.  This  is  due  mainly  to  the  effort  by 
the  RAP  Team  and  PAC  to  ensure  that  the 
document  accurately  represents  the  views  of 
all  concerned  parties.  However,  some  may  not 
still  be  entirely  satisfied  with  the 
consensus  on  an  issue  for  which  they  have  a 
particular  concern. 

*  The  PAC  is  concerned  that  delays  occurred  due 
to  over-worked  RAP  Team  members  who,  despite 
their  dedication,  had  insufficient  hours  and 
other  resources  to  expedite  the  process; 
further  funding  cut-backs  can  only  exacerbate 
this  s  ituation . 

*  The  submission  of  the  Stage  I  report 
represents  a  milestone  in  the  RAP  for  the 
Niagara  River.  While  the  report  paints  a 
picture  in  time,  it  would  be  more  viable  to 
issue  annual  or  bi-annual  reports  that  depict 
the  present  state  of  knowledge,  the  current 
trends,  and  information  on  improvements  made 
and  plans  for  the  future.  Shorter  summary 
reports  -.night  be  more  effectively  used  to 
reflect  the  public's  concerns  and  to 
demonstrate  progress  being  made  under  the 
ongoing  programs  of  the  involved  agencies. 

*  While  it  is  recognized  that  the  RAP  process 
is  new  to  both  RAP  Teams  and  to  PACs,  better 
procedures  are  required  to  reduce  the 
duplication  of  effort  that  presently  exists 
as  each  PAC  struggles  through  the  process. 
These  procedures  should  ensure  that  more 
product ive  processes  are  developed  to  deliver 
more  timely  responses  to  the  public. 

*  There  are  2  RAPs  being  developed  for  the 
Niagara  R  i  ver  .  T'he  Niagara  River  PAC  is 
concerned  that  the  remedial  measures  which 
will  be  implemented  on  the  Canadian  side  of 
the  river  will  aot  be  Gufficient  to  restore 
the  Niagara  River  ecosystem. 


Finally,  it  is  hoped  that  as  Stage  2  progresses,  these 
issues  previously  outlined  will  be  addressed.  Our  over-riding 
concern  is  to  move  forward  to  the  restoration  of  the  Niagara 
River  ecosystem.  We  have  been  honoured  in  being  allowed  to 
participate  in  this  endeavour.  In  addition  to  our  endorsement  of 
the  Stage  I  report,  we  offer  to  provide  our  continued  support  to 
the  cleanup  of  the  Niagara  River,  the  Great  lakes,  and  our  global 
environment , 


Yours  truly. 


n'^-O^^^'-'^ 


Ted  Simonen 
Chair 
Niagara  River  Public  Advisory  Committee 


c.c.    H.  Wong,  Director,  MOE  -  WCR 

S.  Irwin,  Coord ina tor,  Niagara  River  Improvement  Project 

MOE  -  WCR 
V.   Shantora,   A/Regional  Director   General,   Conservation 

Protection,  Ontario  Region 
H.  Shear,  Director,  Great  Lakes  Environment  Office  (GLEG) 
D .  Epstein,  Chief  Program  Coordinator,  GLEO 
M.  Malhotra,  RAP  Public  Involvement  Coordinator,  GLEO 
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PREFACE 


The  Niagara  River  has  been  designated  by  the 
International  Joint  Commission  (UC)  as  one  of  forty- 
three  Areas  of  Concern  in  the  Great  Lakes  Basin.  This 
designation  is  due  to  degraded  water  quality  which 
impairs  complete  use  of  the  river's  resources. 


In  response  to  concerns  over  the  health  of  the 
entire  Niagara  River  ecosystem,  this  Remedial  Action 
Plan  (RAP)  is  being  developed  by  a  RAP  team  com- 
prised of  scientists  from  Canada  and  Ontario  environ- 
ment and  resource  agencies  with  the  advice  and  assist- 
ance of  a  Public  Advisory  Committee  which  repre- 
sents various  sectors  of  the  community.  All  parties 
involved  share  a  common  interest  in  the  Niagara  River 
and  its  ecosystem. 


The  development  of  the  Niagara  River  (Ontario) 
RAP  is  a  dynamic  three  stage  process  based  on  the 
framework  established  in  Annex  2  of  the  1987  Proto- 
col of  the  Great  Lakes  Water  Quality  Agreement 
(GLWQA). 


This  Stage  I  document  describes  the  current 
environmental  conditions  in  this  Area  of  Concern, 
identifies  the  sources  of  conlamination,  outlines  the 
beneficial  uses  which  are  impaired  and  the  extent  of 
that  impairment. 


Stage  II  will  identify  the  remedial  activities  nec- 
essary to  restore  the  desired  beneficial  uses  and  achieve 
the  environmental  goals.  Goals  and  objectives  for  the 
Niagara  River  AOC  will  be  identified.  Commitments 
and  a  schedule  for  implementation  of  remedial  options 
will  be  ouUined. 

Results  of  ongoing  studies  that  will  be  used  in 
both  updating  Stage  1  and  incorporated  into  Stage  2 
include: 

1 )  Continuation  of  weekly  upstream/downstream 
monitoring  at  Niagara-on-the-Lake  and  Fort  Erie  by 
Environment  Canada,  as  part  of  the  Four  Agency 


Niagara  River  Toxics  Management  Plan  commitment 
for  50%  reduction  in  loading  of  chemicals  of  concern 
from  point  and  non-point  sources; 

2)  data  from  MOE  biomoniioring  sampling  pro- 
grams; 

3)  Misa  monitoring  data  for  the  applicable  indus- 
tries in  the  area; 

4)  results  from  ongoing  Pollution  Control  Plans 
and  Infrastructure  Needs  Studies  developed  by  the 
local  municipalities; 

5)  a  re-assessment  of  loadings  from  the  four 
Ontario  landfills; 

6)  research  in  the  study  of  biota  in  the  Welland 
River  to  determine  the  extent  and  cause  of  deformities 
in  aquatic  species; 

7)  information  on  the  success  of  a  sediment 
dredging  and  treatment  demonstration  project  under- 
taken in  faU  1991.  and; 

8)  data  to  assess  water  quality  of  shorewells 
along  the  Niagara  River. 


Data  gaps  have  also  been  noted.  These  include: 

1 )  cause  of  degradation  of  fish  populations  in  the 
Welland  River  and  other  tributaries,  both  in  numbers 
and  diversity; 

2)  additional  information  on  the  impact  of  chemi- 
cal uptake  on  fish  and  wildlife  regarding  reproductive 
impairments  and  physical  deformities; 

3)  additional  information  is  required  to  establish 
cause  and  to  determine  whether  there  is  a  recurrent 
problem  regarding  taste  and  odour,  and 

4)  status  of  phytoplankton  and  zooplankton 
populations  in  the  Welland  River. 


In  the  third  (and  final)  stage  of  (he  RAP,  the 
evaluation  of  the  success  of  remedial  measures  will  be 
documented.  Details  of  monitoring  and  surveillance 
programs  will  also  be  presented. 
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This  Niagara  River  Remedial  Action  Plan  relates 
only  to  the  Canadian  side  of  the  Niagara  River.  Canada 
and  Ontario  would  prefer  that  a  binaiional  RAP  be 
developed  for  the  Niagara  River;  however.  New  York 
State  has  chosen  lo  develop  a  separate  Remedial  Ac- 
tion Plan  for  the  U.S.  side.  For  the  New  York  RAP,  the 
Niagara  River  Action  Committee  (NRAC),  comprised 
of  state  environmeni  agency,  public,  industry  and  mu- 
nicipal representatives,  provides  community  inpuL 


As  a  bridge  between  the  two  RAPs  an  Interna- 
tional Advisory  Commiuee  (lAC)  was  established  to 
provide  a  linkage  between  the  two  RAP  teams  and 
their  advisory  committees.  The  Niagara  River  recog- 
nizes no  international  boundary;  its  problems  are  mani- 
fested on  both  sides.  Likewise  its  solutions  are  inter- 
twined and  concerns  over  the  river  must  be  addressed 
by  solutions  on  both  sides.  There  is  a  concern  that  the 
efforts  undertaken  by  the  Ontario  RAP  to  restore  ben- 
eficial uses  will  have  limited  impact  unless  significant 
U.S.  sources  are  addressed. 


ACKNOWLEDGEMENTS 


The  Ontario  Ministry  of  the  Environment.  Nia- 
gara River  Improvement  Project  and  the  RAP  Coordi- 
nator would  like  to  express  appreciation  to  the  many 
groups  and  individuals  who  participated  in  the  devel- 
opment of  this  document. 


We  would  like  lo  thank  the  members  of  the  RAP 
writing  team  for  their  extensive  efforts  in  the  creation 
of  this  document  and  review  of  the  many  drafts  that 
preceded  it.  They  have  also  participated  in  numerous 
meetings  and  several  public  workshops  to  provide 
specialized  expertise  to  the  public  in  understanding 
the  issues. 


The  RAP  team  would  like  to  express  its  gratitude 
to  the  members  of  the  Niagara  River  Public  Advisory 
Committee  who  committed  themselves  to  the  process 
in  early  1989  and  stayed  with  it  through  many  tough 
monlhly  meetings,  giving  freely  of  their  time  and  con- 


tributing endiusiasm  and  knowledge  to  the  process.  It 
is  through  their  efforts  that  local  interest  and  support  is 
building  for  implementation  of  the  Niagara  River  Re- 
medial Action  Plan. 


The  additional  contributions  of  the  members  of 
the  PAC  Technical  Subcommittee  also  need  to  be 
recognized.  This  group  provided  detailed  review  of 
the  draft  documents  and  suggested  improvements 
which  resulted  in  a  better  Stage  I  report. 


The  bulk  of  die  final  editing  and  compilation  was 
carried  out  under  contract  to  Envirosearch  Ltd. 


In  addition,  the  RAP  Team  would  hke  to  extend 
its  appreciation  to  Belinda  Koblik-Berger,  newly  ap- 
pointed RAP  Coordinator  for  her  assistance  in  the  final 
editing  and  release  of  this  documenL 

The  RAP  team  would  also  like  to  express  a 
special  thanks  to  the  RAP  Coordinator,  Paul  Odom. 
His  efforts  in  writing,  coordinating  and  developing 
this  document  were  paramount  to  its  creation  and  com- 
pletion. 


We  would  like  especially  to  ihank  Professor  Ian 
Brindle,  the  PAC  Chair,  for  his  steady  efforts  in  guid- 
ing a  difficult  public  process,  participating  in  many 
committee  meetings,  advising  the  RAP  team  on  a  host 
of  issues  and  safeguarding  die  public  interest 

Our  thanks  also  to  Ms.  Valerie  Cromie,  die  PAC 
Community  Liaison  Coordinator  for  all  of  her  organi- 
zational work  and  her  public  outreach  activities 
throughout  the  Niagara  Peninsula  relating  to  die  Nia- 
gara River  Remedial  Action  Plan. 


The  RAP  team  would  like  to  dedicate  diis  Stage 
I  report  to  die  late  Con  Eidt.  alternate  chair  of  the 
PAC,  who  believed  in  die  need  to  protect  Niagara's 
environment  and  die  Niagara  River  Remedial  Action 
Plan  and  who  would  have  liked  to  have  reached  this 
milestone  with  us. 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


Pags(ES-iii) 


Niagara  River  RAP  Team  Contributors  to  this  Report 

(as  of  Fall  1991) 


Environment  Canada 

Janette  Anderson 

Great  Lakes  Environment  Office 
Tom  Tseng 

Conservation  and  Protection  -  Ontario  Region 
Fisheries  and  Oceans  Canada 
Serge  Metikosb 

Habitat  Section 
Niagara  River  RAP  PubUc  Advisory  Committee 
Ian  Brindle 

PAC  Chair 
Valerie  Cromie 

PAC  Community  Liaison  Coordinator 
Ontario  Ministry  of  Natural  Resources 
Bob  Lewies 
Gerry  Mulder 
Marsha  Ferguson 

Niagara  District  -  Fish  and  Wildlife 
Ontario  Ministry  of  the  EnvimnrnftnT 

Paul  Odom 

RAP  Coordinator 

Niagara  River  Improvement  Project 
LisaRichinan 

Water  Resources  Branch  -  Great  Lakes 
John  Mayes 
Mike  Jovanovic 
BobShannra 

West  Central  Region  -  Welland  District 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


Page  (ES-IV) 


Members  of  the  Public  Advisory  Committee 
Past  Members  in  {Brackets}  (as  of  Fall  1991) 


Chair 

lanBrindle 

Community  Liaison  Coordinator 

Valerie  Cromje 

Atlas  Specialty  Steels 

Don  Marr,  Karen  Starrs 

Bruce  Trail  Association 

Ron  Cook 

(Elsie  Koop)                                   | 

Canadians  for  a  Qean  Environment 

AI  Oleksuik,  Penny  Oleksuik 

Cyanamid  of  Canada  Inc. 

Geoi^e  Slaney 

D.G.  Bawtinheimer  Ltd. 

Vern  Fulcher 

Environmental  Teachers  Association 

Brent  Zimmerman 

(Federation  of  Ontario  Naturalists) 

{Jdm  Cooper) 

Great  Lakes  United 

PhUWeUer 

Maid  of  the  Mist  Steamboat  Co. 

Lawrence  McGinn 

Niagara  &  District  Labour  Council 

Wayne  Pine 

Niagara  Ecosystems  Task  Force 

MikeDickman 

Niagara  Falls  City  Council 

FerminoSusin 

(Gary  Hendershot)                             1 

Niagara  Falls  Nature  Qub 

Allan  Veall,  Rick  Brady 

Niagara  North  Federation  of  Agriculture 

Ken  Durham 

Niagara  Peninsula  Conservation 
Authority 

Graham  DeCow,  Kathy  Menyes 

(Kevin  Laidley) 

Niagara  Regional  Health  Services 

Bjom  Christensen 

Niagara  River  Angler's  Association 

Michael  Behunin 

Ontario  Hydro 

Wayne  Carey,  Bob  Malvern 

{Margaret  Yu)                                    1 

Operation  Clejin  Niagara 

Margherita  Howe 

( Peninsula  Field  Naoiralists } 

{Mary-Ellen  Foley.  Lyle  McDonald) 

Regional  Niagara  Council 

Stella  Ziff 

Regional  Niagara  Eogineering 

Simon  Tarn 

{ConEidt} 

Town  of  Fort  Erie  Engineering 

Pat  Lupton 

(JohnBoudreau) 

Town  of  Niagara-on-the-Lake 

Robert  Howse 

Unaffiliated 

Dawn  Ralph 
Lawrence  Anderson 
Ted  Simoneo 
Dick  Harrington 

{Blake  Robertson) 
(JunGilmore} 

(Terry  Mclntec) 

Niagara  River  Remedial  Action  Plan  -  Stage  I 


EXECUTIVE  SUMMARY 


I^(ES-V) 


EXECUTIVE  SUMMARY 


Public  concern  for  the  quality  of  life  and  of  the 
environment  over  the  last  decade,  has  led  to  an  in- 
creased awareness  of  environmental  issues.  The  Nia- 
gara River  has  been  a  particular  focus  of  environmen- 
tal concern.  It  is  a  major  source  of  waier  to  Lake 
Ontario  and  some  four  million  residents  of  the  Prov- 
ince of  Ontario  and  one  million  residents  of  the  State 
of  New  York. 


Many  of  the  concerns  have  been  noted  by  the 
International  Joint  Commission  in  designating  the 
Niagara  River  as  one  of  forty-lhree  Areas  of  Concern 
in  the  Great  Lakes  Basin.  This  Remedial  Action  Plan 
(RAP)  is  being  developed  to  restore  impaired  benefi- 
cial uses  to  the  Area  of  Concern. 


Separate  Remedial  Action  Plans  are  being  de- 
veloped for  the  Ontario  side  and  the  New  York  side  of 
the  Niagara  River. 


Many  sources  discharge  a  wide  range  of  con- 
ventional and  toxic  chemical  contaminants  to  the 
Niagara  River.  Many  of  these  contaminants  are  chemi- 
cals of  concern  due  to  their  effects  on  human  and  other 
lifeforms.  Some  of  these  chemicals  are  found  at  levels 
that  exceed  aquatic  life  criteria.  These  chemicals  con- 
centrate in  the  aquatic  food  chain,  resulting  in  fish 
consumption  advisories  for  the  Niagara  River. 


Environmental  degradation  caused  by  excessive 
loading  of  conventional  contaminants  and  bacteria 
occurs  in  the  tributary  streams  of  the  Niagara  River.  In 
these  tributaries  suspended  solid  concentrations  have 
caused  significant  loss  of  some  aquatic  biological 
production.  Sediment  in  the  Wclland  River  is  also 
contaminated  with  heavy  metals  which  has  further 
reduced  benthic  diversity  in  some  sections. 


The  Niagara  River  Toxics  Committee  (NRTC) 
in  1984  provided  the  first  comprehensive  catalogue  of 
sources  of  toxics  contamination  lo  the  Niagara  River. 
The  report  also  provided  a  preliminary  assessment  of 
the  environmental  condition  and  the  extent  of  degra- 
dation of  the  river  and  the  nearshore  area  of  Lake 
Ontario.  Because  toxic  contaminants  is  the  prime 
concOTi  in  this  area,  the  NRTC  rcpon  and  a  large 
number  of  government  follow-up  studies  form  the 
largest  part  of  the  scientific  information  used  in  this 
report 


The  RAP  development  program  is  occurring 
ccHicurrently  with  a  toxics  reduction  plan,  organized 
by  the  environmental  agencies  of  the  four  govern- 
ments with  jurisdiction  over  the  Niagara  River.  This 
1987  government  program,  known  as  the  Niagara 
River  Toxics  Management  Plan  (NRTMP)  has  identi- 
fied 18  Niagara  River  Chemicals  of  Concern  and 
established  goals  for  reduction  of  discharge  of  10 
persistent  toxic  chemicals  to  the  river.  The  NRTMP 
reflects  the  philosophy  of  the  International  Joint  Com- 
mission. The  NRTMP  states  that  "this  (reduction)  is 
consis^nt  with  the  goal  of  virtual  elimination  of  toxic 
discharges,  as  agreed  upon  in  1978  by  the  Govern- 
ments of  the  United  States  and  Canada  under  the  Great 
Lakes  Water  Quality  Agreement". 

Niagara  Rivpr  Prinritv  Toxic  rhemirflk 


Scheduled  for -iO^ 

Other  Priority  Toxics 

Reduction 

benz(a)anthracene 

chrysene 

benzo(a)pyrcne 

chlordane 

bcnzo(b)fluoranthene 

dieldrin 

benzo(k)fiuorantheDe 

octachlOTDStyrene 

tetrachloroethylcne 

DDT  and  metabolites 

mircx 

lead 

hexachluiubeiuene 

arsenic 

PCB's 

toxaphene 

mercury 

23,7,8-Ta)D  (dioxin) 
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The  NRTMP  goal  of  50%  reduction  of  persistent 
toxic  discharges  by  1996  for  10  of  these  18  Chemicals 
of  Concern  identified  for  the  Niagara  River,  is  viewed 
as  an  important  step  on  the  way  to  virtual  elimination  of 
these  substances  and  reduction  of  all  contaminants 
released  lo  the  Niagara  River.  The  four  agencies  hold 
periodic  consultation  with  the  public  in  the  Niagara 
area  to  present  progress  reports  and  to  outline  new 
initiatives. 


The  Niagara  River  RAP  goes  beyond  the  bounds 
of  the  NRTMP.  addressing  the  entire  Niagara  River 
ecosystem.  In  addition  to  addressing  toxics  discharges, 
the  RAP  addresses  in-siiu  contamination,  problems 
associated  with  conventional  contaminants,  bacteria, 
physical  contaminants  and  undesirable  biological  spe- 
cies and  concerns  over  the  impact  of  future  activities. 
It  is  as  much  a  plan  for  the  future  as  it  is  a  plan  for 
cleaning  up  past  mistakes. 

The  Remedial  Action  Plan  team  also  recognized 
the  necessity  for  pubbc  participation  and  acceptance 
early  in  the  development  process.  This  participation 
involved  three  components: 


Uproviding  the  public  with  the  facts  concerning 
the  environmental  condition  of  the  Niagara  River; 


2)establishing  a  dialogue  between  the  public 
and  the  government  agencies  to  get  pubUc  informa- 
tion and  advice  in  preparation  of  the  RAP; 


3)establishing  a  means  of  bringing  together  the 
two  RAPs  for  the  Niagara  River  under  the  scrutiny  of 
the  public  to  ensure  that  issues  of  mutual  interest  and 
concern  are  addressed. 


Following  a  series  of  public  meetings  in  1988,  a 
public  advisory  committee  (PAC)  was  estabUshed  for 
the  Niagara  River  (Ont.)  RAP.  The  PAC  consists  of 
some  20-30  members  of  various  groups  and  individu- 
als with  a  strong  interest  in  the  Niagara  River  and  has 
met  monthly  since  January  1989  to  advise  the  RAP 


team  during  creation  of  the  Stage  I  and  II  documents. 
Two  members  of  the  PAC  have  sat  on  the  RAP  team 
since  spring  1990  to  represent  the  PAC's  interests  in 
the  development  of  this  document.  The  past  several 
drafts  have  been  reviewed  by  all  PAC  members,  the 
last  draft  involving  a  workshop  in  January  1991.  Con- 
cerns raised  by  the  PAC  have  been  outlined  in  the 
Stage  I  document  along  with  the  RAP  team  response. 
The  suggestions  of  the  PAC  have  been  incorporated  in 
this  document,  wherever  possible. 


Environmental  Description 


The  Niagara  River  is  the  principal  connecting 
channel  between  Lakes  Erie  and  Ontario.  The  Niagara 
River  has  a  drainage  basin  of  686,000  square  kilome- 
tres and  a  long-term  average  flow  of  5860  cubic 
metres  per  second.  This  flow  accounts  for  83%  of  the 
water  flowing  into  Lake  Ontario  and  significantly  in- 
fluences Lake  Ontario's  water  quality  and  fish  pro- 
ductivity. Velocity  and  flow  in  the  river  itself  are 
regulated  by  a  control  structure  above  Niagara  Falls, 
operated  primarily  lo  divert  water  for  hydro-electric 
generation  purposes  by  Ontario  and  New  York  State. 
Flow  over  the  falls  at  Niagara  and  through  the  power 
plants  is  governed  by  the  1953  Niagara  River  Treaty. 


The  Niagara  River  is  highly  utilized  for  recrea- 
tion, predominantly  fishing,  but  also  includes  recrea- 
tional boating,  swimming  and  birdwatching.  It  is  used 
as  a  source  of  potable  water  for  the  City  of  Niagara 
Falls,  Ontario,  as  well  as  a  number  of  towns  and  cities 
in  New  York  State.  The  river  is  the  source  of  water  for 
many  industries  as  well  as  the  receiver  of  their  effiu- 
enis.  It  also  receives  the  treated  effiuents  of  a  number 
of  municipahties  that  line  both  shores.  Commercial 
navigation  occurs  in  the  lower  river  up  to  Queenston 
and  in  the  upper  river  to  Niagara  Falls  and  Chippawa 
via  the  Black  Rock  Canal  and  Erie  Barge  Canal.  The 
Niagara  and  Welland  Rivers  receive  a  number  of 
stormwater  discharges  and  combined  sewer  overflows 
from  the  older  portions  of  most  urban  areas  that  line 
their  shores. 
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One  of  the  major  uses  of  the  Niagara  River  is 
aesthetic  appreciation.  The  Horseshoe  Falls  and  the 
American  Falls,  the  Niagara  River,  the  Niagara  Gorge, 
the  Whirlpool,  the  Whirlpool  Rapids  and  Devils  Hole 
Rapids  and  the  Niagara  Escarpment  are  world-re- 
nowned tourist  attractions.  Visitors  from  around  the 
world  come  to  view  the  river,  making  toiuism  a  major 
industry  in  the  Niagara  Peninsula. 


The  Niagara  River  (Ont.)  Area  of  Concern  ex- 
tends from  Lake  Erie  at  Fort  Erie  to  Lake  Ontario  at 
Niagara -on-the-Lake  and  includes  several  small  tribu- 
taries to  the  upper  Niagara  River  and  the  entire  drain- 
age basin  of  the  Welland  River.  Diversions  of  water  to 
the  Welland  River  and  Lyon's  Creek  from  the  Welland 
Ship  Canal  augment  the  natural  flows  in  these  basins. 
The  combined  flow  from  these  tributaries  (including 
riparian  flow)  is  a  very  small  portion  of  the  flow  to  the 
Niagara  River  compared  to  outflow  from  Lake  Erie. 


The  two  sides  of  the  Niagara  River  are  markedly 
different  in  development  The  New  York  side  is  highly 
urbanized  and  heavily  developed  by  industry  along  its 
banks  between  Buffalo  and  Niagara  Falls.  Extensive 
residential  development  continues  from  Niagara  Falls 
to  the  top  of  the  escarpment.  Below  the  escarpment, 
the  area  is  predominantly  undeveloped,  with  the  ex- 
ception of  the  residential  communities  of  Lewistcm 
and  Youngstown. 


The  Ontario  side  of  the  river  is  much  less  devel- 
oped. Most  of  the  upper  river  is  undeveloped  parkland 
and  open  space  between  Fort  Erie  and  Niagara  Falls. 
Between  Niagara  Falls  and  the  Whirlpool  the  area  is 
urbanized.  North  of  the  Whirlpool  and  extending  to 
Lake  Ontario,  the  area  is  mixed  parkland/fruitland 
with  the  exceptions  of  the  residential  communities  of 
Queenston  and  Niagara-on-the-Lake.  The  upland  area 
of  the  Niagara  tributaries,  including  the  Welland  River 
basin  is  mixed  agricultural/undeveloped  land  with  the 
exception  of  the  City  of  Welland  and  a  number  of 
small  rural  communities.  Very  little  heavy  industry  is 
established  within  the  entire  Niagara  River  (Ont.) 
Area  of  Concern. 


Since  the  early  1900's,  the  Niagara  River  has 
been  identified  as  a  river  with  serious  water  pollution 
problems.  Most  sources  of  pollution  and  the  problems 
they  cause  have  existed  for  decades.  Over  the  past 
decade,  contamination  of  the  Niagara  River  by  per- 
sistent toxic  substances  has  become  a  major  pubUc 
concern  in  both  the  United  States  and  Canada.  Public 
concern  has  arisen  over  the  quality  of  the  water,  toxic 
chemicals  in  the  mist  and  in  the  air  and  the  appearance 
of  foam  in  the  pool  beneath  the  Falls.  Environmental 
c(mcem  in  this  area  focuses  on  exceedances  of  water 
quality  criteria  for  the  protection  of  aquatic  life,  sedi- 
ment contamination  which  impairs  benlhic  organisms 
and  both  reductions  in  aquatic  populations  and  habitat 
loss  due  to  a  number  of  causes. 


Six  municipal  sewage  plants  and  fourteen  indus- 
tries on  the  Ontario  side  of  the  Niagara  River  dis- 
charge directly  to  surface  waters.  Monitoring  pro- 
grams for  the  industrial  and  sewage  plant  discharges 
have  shown  that  remedial  measures  undertaken  be- 
tween 1982  and  1989  have  resulted  in  a  greater  than 
80%  reduction  in  gross  loading  of  toxic  contaminants 
discharged  by  Ontario-based  point  sources  from  152.5 
kg/d  in  1981-82  to  22  kg/d  in  1988-89.  Tliis  monitor- 
ing shows  that  heavy  metals  contribute  more  than  70% 
of  this  total  load  from  Ontario.  On  the  New  York 
shore,  over  100  industries  and  sewage  plants  dis- 
charge to  the  Buffalo  or  Niagara  Rivers.  Inputs  of 
toxics  from  these  U.S.  point  sources  have  been  re- 
duced from  1160  kg/d  in  1984  to  184  kg/d  in  1987-88. 
A  considerable  number  of  storm  and  combined  sewer 
discharges  are  located  on  the  U.S.  shore.  No  estimate 
of  contaminant  load  from  these  sources  has  been 
made. 


The  Niagara  is  also  known  to  receive  leachate 
from  a  number  of  hazardous  waste  sites  on  the  U.S. 
side;  24  sites  (or  clusters)  have  been  estimated  to 
contribute  some  307  kg/d  of  EPA  priority  pollutants 
directly  to  the  river,  179.1  kg/d  of  which  are  organic 
compounds.  These  sites,  currently  under  various  stages 
of  investigation  or  remediation  are  considered  to  be 
the  most  significant  of  the  more  than  200  hazardous 
waste  sites  in  Niagara  and  Erie  Counties.  In  compari- 
son, the  Ontario  portion  of  the  Area  of  Concern  con- 
tains 16  landfill  sites,  five  of  which  have  the  potential 
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to  introduce  contaminanls  to  the  Niagara  River.  De- 
tailed investigations  into  each  of  these  five  sites  were 
reported  in  a  1991  study  to  estimate  the  potential 
contribution  of  priority  pollutants  reaching  the  Nia- 
gara River.  Heavy  metal  contamination  was  identified 
as  a  minor  component  (est  4  kg/d)  of  input  from  these 
sites;  however,  cyanide  (toxic,  not  persistent)  was 
identified  as  the  major  potential  contaminant  (from  1 
site  at  an  estimated  load  of  26  kg/d).  From  those  five 
sites,  no  persistent  toxic  chemicals  have  been  found 
and  none  of  the  18  NRTMP  Chemicals  of  Concern 
were  identified.  Remediation  programs  are  completed 
or  underway  at  all  sites. 


Ground  water  on  the  Ontario  side  of  the  Niagara 
River  contains  high  levels  of  naturally  occurring  min- 
erals and  is  therefore  generally  of  poor  quality  as 
potable  water  without  treatment.  No  significant  con- 
lamination  of  this  resource  by  human  activity  has  been 
detected. 


The  Chippawa  Channel  and  ihe  lower  Niagara 
River  do  not  contain  extensive  areas  of  sediment 
accumulation.  The  fast-flowing  nature  of  the  Niagara 
carries  sediment  and  contaminanls  alike  rapidly  down- 
stream to  Lake  Ontario.  Sediment  is  deposited  in  Lake 
Ontario  on  the  Niagara  Bar.  Relatively  uncontami- 
nated  sands  and  gravels  are  deposited  on  the  Ontario 
side  while  fine  silts  and  clays  are  carried  into  the  New 
York  waters. 


Fine  silts  and  clays  are  also  deposited  within  the 
Oniario  Area  of  Concern  in  the  Niagara  River  tributar- 
ies, particularly  the  Welland  River.  A  considerable 
amount  of  clay  soils  from  the  basin  erode  from  the 
land  due  to  agriculture,  ditching  and  land  develop- 
ment. These  generally  low-flowing,  low  gradient 
sfreams  often  appear  murky  due  lo  the  suspended 
solids.  Many  of  the  finer  clays  are  suspended  (or 
resuspended)  in  the  water  column  all  the  way  to  the 
Niagara  and  hence  to  Lake  Ontario;  however,  larger 
size  solids  deposit  on  the  tributary  streambeds  causing 
loss  of  aquatic  habitaL  The  soils  readily  adsorb  con- 
taminants from  the  water  column  both  in  the  Welland 


River  and  in  the  Niagara  River.  Significant  zones  of 
contaminated  (heavy  metals)  sediment  exist  in  the  lower 
Welland  River. 


Stage  I  Of  The  Remedial 
Action  Plan 


One  of  the  tasks  in  the  development  of  this  Stage 
I  document  is  the  establishment  of  impaired  beneficial 
uses  within  the  Area  of  Concern.  Although  a  wide 
range  of  impairments  may  exist,  the  RAP  program 
focuses  on  water  quality  impairments.  To  that  end  the 
UC  has  identified  fourteen  use  impairment  criteria  for 
listing  Areas  of  Concern. 


The  impaired  uses  in  the  Niagara  River  AOC 
have  been  identified  independentiy  by  the  government 
agency  RAP  team  and  the  Public  Advisory  Committee. 
Both  sets  of  impaired  uses  are  presented  in  the  report. 
In  most,  the  uses  are  similar;  none  are  conflicting.  The 
RAP  team  uses  have  been  used  to  assess  whether  or  not 
the  14  UC  criteria  apply.  The  criteria  have  been  sepa- 
rated into  parts  a  and  b  where  they  are  multiple  because 
only  part  may  apply  (eg.  fish  have  consumption 
advisories  but  not  wildlife  consumption  advisories). 


Table  A  summarizes  the  14  UC  beneficial  use 
impairments  as  they  pertain  to  the  Niagara  River 
(OnL)  Area  of  Concern.  Several  criteria  are  not  defini- 
tively impaired  or  unimpaired  due  to  a  lack  of  data  on 
the  topic.  These  are  reflected  in  Table  A.  Some  impair- 
ments have  been  noted  that  are  not  related  to  water 
quality  or  cannot  be  remediated. 


Niagara  River  Remedial  Action  Plan  -  Stage  I 
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TABLE  A 


BENEFICIAL  USE  IMPAIRMENTS  -  SUMMARY  TABLE 
IJC  AREA  OF  CONCERN:  NIAGARA  RIVER 


1         I.r(    (  rilf Hon 

Benencialllse 
Imoalrmenl 

Status  or 
ImDilrmrnl 

UescriDtion  of  Knvironmental 
Conditions 

Reauircs  Further 
Assessment 

1(a) 

R  CM  rid  ton*;  on 
Fish  Consumption 

ImpaiFcd 

Fish  consumplinn  advisories  arc  in  effect  for 
the  lower  Niagara  River  for  larger  sizes  of 
freshwaler  drum,  coho  salmon,  chincok 
salmon,  while  perch,  lake  troul,  american  eel. 
rainbow  trout,  yellow  perch,  channel  catfish 
and  smallmoulh  hass.  Similar  consumption 
advisories  are  in  effect  for  the  upper  Niagara 
River  for  freshwater  drum  and  while  sucker. 
Contaminants  involved  are:  mercury,  mircit, 
PCBs,  metals,  pesticides  and  2.3,7.8  dioxin. 

1(h) 

RcJlrictton-i 

nn  Wi  lilt  ire 

Consumption 

Not  Known 

There  are  no  Canadian  Guidelines  direcllv 
applicable  to  ihe  Niagara  River  Area  of 
Concern  regarding  human  consumption  of 
wildlife    Wildlife  is  not  a  large  source  of 
food  along  Ihe  Niagara  River.   Hunting  does 
occur  in  the  Area  of  Concern  hut  no 
resiriclions  on  consumption  exist  in  the 
Niagara  Peninsula    Deer  on  Navy  Island  are 
hunted  occasionally  on  a  controlled  basis  to 
thin  Ihe  herd;  the  deer  are  generally  stunted 
because  of  lack  of  Nilh  feed  and  natural 
predators  on  the  island. 

Consumption  advisories  for 
waterfowl  arc  currently  being 
investigated. 
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1       I.K  tril?rioji 

Beneficial  lls« 
ImDalrmenI 

Status  of 

Imoairment 

DrKriDllonofFnvirDnmrnlal 

("ondilions 

Keiiuirrs  Further 
Assessmrni 

"(a) 

Tainling  of  Fisli 
FtaviHir 

Nul  Impaired 

Allhough  chlorophenols.  the  chemicnls 
generally  assncialed  with  Ininling  fish  wiih 
an  organic  laslc  and  smell  nrc  km^wn  to  he 
prcseni  in  the  Niagara  River,  only  one 
cnmpl.iinl  of  tainting  of  fish  caught  in  the 
Niagara  River  has  ever  heen  made  to  MNR 
(iffices.  There  is  no  record  nf  the  type  of 
lainting  experienced. 

n(b) 

Tainting  nf 
Wildlife  Ftavouf 

Not  Impaired 

Wildlife  is  not  a  large  source  of  ftHxl  along 
the  Niagara  River    Hunting  di>es  occur  in 
the  Area  of  Oincern  hut  no  record  of 
tainting  of  meat  has  heen  recorded  for  this 
area 

in  (a) 

Degradation  of 
Fish  Populations 

Impaired 

Fish  populations  in  the  Niagara  River  ilsctf 
reflect  the  populations  of  the  nearby  Cireat 
Lakes  and  are  nol  generally  degraded    Fish 
populations  in  Ihc  Wellani!  River  and  other 
tributaries  are  degraded,  both  in  numbers 
and  diversity;  however,  the  cause  of  the 
degradation  has  not  been  identified 

The  nature  of  this  impairment 
warrants  fuflhcr  study. 

iiKM 

Dcgradnlion  of 
Wildlife  Populations 

Nol  Known 

There  is  little  information  available  on 
wildlife  populations  in  the  Area  of  Concern 
A  number  of  species  arc  endangered  or 
extinct,  however,  these  appear  to  be 

F.xisling  information  needs  to  be 
summarised  and  a  baseline 
eslablished. 

widespread  in  the  developed  portion  of 
Ontario.  It  is  believed  to  be  associated 
more  with  the  encroachment  of  civilr?alion 

than  water  quality  related. 

n 

H 


63 

3 


I 

X 


&3 

&9 


n 

5 

n 
a 

> 

n 

»■> 

o 
p 


C/3 
ft 


TABLE  A      (Con  I) 


I.rC  CrUerion 

Benfficiallhc 
ImDairmenI 

Slalus  of 
ImDalrmetit 

Drscrinlion  orKnvironmental 

Conditions 

Ket|uires  Kurlher 
Assessment 

IV  (.1) 

Fish  Tumours 

Noi  Impaircil 

Alihtiugh  fiih  lumuurs  have  btcn  idi-niificd 
in  gnldfish-cnrp  hybrids  in  the  Welhind 
River,  recent  scienliPic  sludie.s  have 
identified  ihis  as  a  genetic  phennmemm  of 
the  hybrid  rather  than  having  some 
cnvirunmentat  link 

Alihough  there  has  been  no  tumour 
incidence  reported  in  other  spetii;s 
in  ihe  Area  of  Concern  despite  Ihe 
number  of  fish  captured,  no 
detailed  scienlific  studies  have 
been  undertaken. 

IV  (b) 

Fish  Deftumilics 

Not  Impaired 

No  evidenci!  iif  deformity  has  been 
identified  in  any  fish  species  taken  from  the 
Niagara  River  or  ils  tributaries. 

ThL're  have  been  no  incidence  of 
fish  deformilies  reported  in  the 
Area  of  Concern.  No  detailed 
scienlific  studies  have  been 
undertaken. 

V(a) 

Diid  or  Anrm;il 
Deformilics 

Impaired 

Formerly,  deer  associated  with  the 
Cyanamid  Welland  properly  have  exhibited 
jaw  deformities,  hut  the  cause  has  not  been 
identified  { 1  "J.SO's),  Deformities  of  fi 
species  of  invertebrates  (midge  larvae)  in 
contaminate  sediments  of  several  irrbulatics 
and  ihe  Welland  River  have  been  identified 
Concerns  have  been  raised  about  chemical 
uptake  by  birds  in  Ihe  Niagara  River; 
however,  no  incidence  of  deformity  has 
been  ideniificd  for  these  colonies,  despite 
ils  popularity  as  a  birdwaiching  area. 

Cause  and  effect  relationships 
needs  to  be  further  investigated. 
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rU   (ritfrion 

D(nf  ncitti  Is? 

tmaairmrnl 

Slatus  of 

Impairmfnl 

Dcsrriplion  of  Knvironmfiilal 
C«ndiIions 

Reuuires  Further 

As-iessmen) 

V(b) 

Biid  or  AnrmnI 

Reproductive 

Ptoblems 

Nut  Known 

F,pgs  of  hcrtitig  gulls  and  bbtk-tmwnfd 
night  heron  were  found  lo  conlnin  elevatfd 
levels  of  some  organic  chemicals.  These 
levels  appear  to  he  declining  over  lime; 
however,  no  evaluation  has  hccn  made  of 
ihc  effect  on  these  colonies  in  the  Niagara 
River  area.   Reproductive  success  of  Bald 
Engtcs  and  Mink  is  a  Great  lakes  basin- 
wide  problem. 

F  uilher  asscssmenl  is  reipiiied  lo 
determine  the  degree  and  exlcnl  of 
reproductive  impairment  in  Ihe 
Niagara  River. 

vr 

Degrnd.ition  of 
Benlhos 

Impaired 

Benthos  (sediment  dwelling  organisms)  are 
relatively  sparse  in  Ihe  Niagara  River  due  to 
Ihc  lack  of  suitable  subslrale.  However,  in 
hackwalet  areas  of  the  Niagara  River.  Ihc 
species  abundance  and  diversity  is 
unimpaired    In  Ihc  Welland  River, 
particularly  the  lower  river  below  Welland 
anil  in  other  tributaries,  bcnthic  diversity 
has  decreased  lo  more  pollution  tolerant 
species   These  have  been  linked  to 
sediments  with  elevated  metal 
cnncenlralions.  fn  three  areas  with 
extremely  high  metal  concentrations,  no 
benthic  organisms  exist. 
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TABLE  A      (Coni) 


1  ir  rrii*rio« 

Beneficial  t)w 
ImDairmrnl 

SlaluiiiC 

ImnalmiMil 

DcscHdHqii  ot  Knvlronmenlal 
ronrtlClmi^ 

Reouircn  Ftitiher 
Asstssmtnt 

vu 

Reiiriction  an 
Dredging 
Aciiviliet 

Impaired 

Liule  ledimoiuUon  occun  on  the  Ontario 
tide  of  the  Niagara  River  and  dredging  is 
not  required  for  channel  maintenance. 
SedimenU  in  the  lower  Wcllind  River  show 
metal  concentiatjoni  above  open  waier 
disposal  guidelines  and  draft  Provincial 
Sediment  Quality  Guidelines  for  benihic 
orf!anismt. 

■ 

vin(i) 

Eutrophication 

Impaired 

Accelerated  cuiruphicalion  occun  in  ihe 
Welland  River  and  in  p*ru  of  the  Niagara 
tributaries.  This  is  a  result  of  a  combination 
of  low  flow  conditions  and  elevated  nutrient 
levels  in  summer  monihs. 

vni(b) 

Undeiireable 
Algae 

Not  Impaired 

Some  algal  species  (principally  Gadophura) 
are  found  in  the  Area  of  Concern  but  not  at 
nuisance  levels.   Less  desirable  a)gac  can  be 
carried  into  the  Niagara  River  from  Lake 
Erie  lo  Lake  Ontario.  This  occurs 
occasionally,  the  latest  occurroice  was  in 
summer  of  1991. 
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1  ir  (  rltrrlnn 

RMirnclal  Use 
Imnalnnrnt 

SlalULOC 

Impairment 

Dcxriptifiti  of  Knvirunmcntat 
Comll(li>n3 

Rrifulrffi  Further 
Agiessment 

Kd) 

Rcstriciicni  on 

Drinking  Water 

Coiuumption 

Not  Impaired 

Although  drinking  waler  taken  from  the 
Niagara  River  continues  to  be  a  public 
concern,  no  exceedcnce  of  drinking  water 
quality  criteria  has  been  recorded  for  water 
supfJici  in  the  Ontario  podion  of  the  Area 
of  Concern.  There  continues  to  be  public 
c(»icem  over  chnanic  e^iposure  to  low 
concentrations  of  chemicals  in  municipal 
water  supplies. 

K(b) 

Taste  and  Odour 
Problems 

Impaired 

Until  1991,  general  ustc  and  odour 
problems  have  not  been  noted  in  Niagara 

Additional  monitoring  required  to 
establish  cause  and  to  determine 

O 

area  municipal  water  supplies.  In  the 

whether  this  is  a  recurrent  problem. 

summer  and  fall  of  1 99 1  la^tc  and  odour 

problems  were  identified  in  most  Niagara 

municipal  supplies  (including  those  drawing 
water  from  Ijke  Erie  and  the  Wei  land 

Canal).  These  problems  were  also  noted  for 
other  systems  drawing  from  eastcm  Lake 
Erie.  The  cause  is  believed  to  be  algal 

blooms  and  die-off  in  Lake  F.rie.  Ground 

water  in  the  Niagara  Area  of  Conccm  also 

■ 

exhibits  taste  and  odour  pmhlcmi,  mainly 

due  to  high  levels  c^  naiuraUy -occurring 
sulphides  in  the  aquifer.  Most  of  the 
problem  is  resolved  using  conventional 

water  treatment  lechnoloKV- 
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TABLE  A      (ConO 


MC  Critcrhm 

Rencfkiil  Uk 

Itnpilnnrnt 

Stalin  nf 
Impifrment 

DcscrlDtinn  of  Fnvironmcnral 
Condlllons 

Rcauire!!  Further 

X 

Beach  Dosingi 

Impaired 

Beaches  along  the  Niagara  River  are 
generally  found  in  imall  quieiceni  areas 
away  fnxn  the  riven  high  vclociiics.  Beach 
cloiingi  have  ocoincd  on  a  fairly  routine 
baiis  over  the  past  decade.  In  addition  lo 
the  contTibutioni  from  CSO'i,  the  slow 
moving  waters  of  swimming  areas 
combined  with  high  use  and  a  plcniiful 
waterfowl  community  are  all  believed  to 
cofitribue  to  the  proUem. 

XI 

Degndaiion  of 
Aetthelici 

Not  Impaired 

Public  complaints  are  received  routinely  on 
aesthetics  at  Niagara  Falls.  High  suspended 
solids  levels  contribute  lo  a  tan  colouration 
in  the  spring  that  is  often  misukcn  for 
chemical  contamination.  Similarly, 
■ignificant  quantities  of  foam  arc  generated 
by  ihe  action  of  the  falls,  this  foam  is 
prcJominanily  decayed  vegetative  matter, 
coloured  by  the  same  clay  solidi.   Although 
aesthetically  displeasing,  it  is  mostly  natural 
in  orifiin. 

There  may  be  a  correlation  between 
the  naturally  ocairring  foam, 
ailiricial  surfacunts  and  other 
cotuaminantj. 
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Lie  Criterion 

Benendil  Use 

SlaluuC 

Dcsriolion  of  P.nviron mental 

KeouircsKurthrr 

Imnilrment 

Impairment 

Condilfon*! 

Asswmunt 

xn{.) 

Added  CoiU  To 
Agriculture 

Not  Impaired 

Water  used  for  agrioillural  purposes  in  the 
Area  of  Concern  comcj  mainly  from  well  J 
and  small  tributaries.  There  is  a  shorUge 
(volume)  during  drought  conditions  in  the 
Niagara  Peninsula;  however,  water  quality 
problems  are  with  high  mineral  conicnl  of 
■he  ground  water.  Surface  waters  although 
low  in  quantity  appear  to  be  accepuble  in 
quality.  Some  rniilbell  areas  use  Niagara 
River  water  without  additional  costs  for 
water  treatment. 

xn(b) 

Added  Cotls  To 

Industry 

Not  Impaired 

Industrial  and  Municipal  water  pretrcatmcnt 
and  mainlenance  costi  have  increased  with 
the  introduction  of  zebra  mussels  to  the 
Area  of  Concern. 

xin<i) 

Degradation  of 

Not  Known 

No  wtensivc  floating  plant  community 

This  does  not  appear  to  be  a  faaor 

Phytoplankion 

slays  in  the  Area  of  Coocem.  The  swift 

in  the  Niagara  River  but  further 

Populalioni 

flowing  nature  of  the  river  prevents  a 
buildup  of  any  phytoplankion.  If  it  is 
present,  it  ii  received  from  Ijikc  Erie  and 
passed  rapidly  on  to  I^e  Ontario.  Lillte  is 
known  about  the  suius  of  altachcd  algae 
and  aquatic  plants. 

information  may  be  needed 
particularly  in  the  Welland  River 
and  iti  iributariei. 

xin(b) 

Degradation  of 

Not  Known 

Similar  to  phytoplankion,  no  c;itcnsive 

This  does  not  appear  to  be  a  factor    1 

Zooplankion 

floating  animal  community  stays  in  the 

in  the  Niagara  River  but  further         1 

Populaiioni 

Niagara  River.  All  species  inherited  from 
Lake  Erie  pass  quickly  on  to  Lake  Ontario. 

information  may  be  needed  in  the      | 
Wciland  River  and  its  iributaries.       R 
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TABLE  A      (Con't) 


Lie  Crritrkin 


XIV  (.) 


Impilrmgnt 


Lotiof  Hih 
Ilabiui 


SUllUjtf 
Imaalrmgnl 


tmpiirtd 


'<y 


XIV  (b) 


LonoTWUdliTe 
Habiut 


Impaired 


Dcscrlpilon  of  Envlr'.'nmcnljtl 

Cgndlllftni 


Wiihin  the  Niagiri  River  iiicl/.  ihe  hibJM 
is  targely  unchanged  by  human  activiiy. 
The  Niagara  River  flow  mainiamj  and 
changes  hi  own  lyslcm.  Inihciribuuiy 
ilreams.  aaiviiy  by  human!  has  cauied  a 
lirge  \oii  in  aquatic  habitat  ihrough  filling, 
channeliulion,  drainage,  shoreline 
reconstnicticn  and  development  A 
combinalion  of  ero-iion  of  nalive  clay  toils 
and  introduction  of  conlaminanH  has  led  lo 
high  juipendcd  solids  in  the  waicr  column 
and  liltalion  of  spawning  areas  often 
including  eleviicd  levels  of  nutrient  and 
heavy  metal  contamination. 


The  encroKhment  of  civjiution  within  the 
Niagara  River  (Ont  )  Area  of  Concern  has 
led  lo  a  decrease  in  the  native  habitat  of 
wildlife  over  the  past  ceniury.  The  loss  of 
habiUI  has  led.  in  pan,  to  the  eniriiclion  or 
endangermcnt  of  several  spcciri.  Water 
qualriy  dcgradilion  miy  ptay  a  pari; 
however.  Utile  data  exists  on  wildlife  habiui 
in  the  Niagara  River  Ont.)  Arrra  of  Concern. 


Requires  Furlhrr 
Asstsxmrnt 


X 
n 

2 
> 


-0 
pa 


EXECUTIVE  SUMMARY 


Page  (ES-XVIII) 


Impaired  Beneficial  Uses 


The  delerminalion  of  impaired  beneficial  uses  in 
Ihe  Niagara  River  (Oni.)  Area  of  Concern  was  made 
usmg  the  IJC  Listing/Deiisting  Criteria.  MOE/MNR 
Fish  Guides  and  Provincial  Water  Quality  and  Drink- 
ing Water  Objectives  and  Provincial  Sediment  Qual- 
ity Guidelines. 


Impaired  beneficial  uses  are  identified  individu- 
ally in  Table  A  along  with  a  brief  discussion  of  the 
impairment. 


Other  Environmental 
Concerns 


During  the  RAP  process,  there  were  several  is- 
sues raised  which  were  nol  necessarily  related  to  the 
IJC  14  use  impairmenl  criteria.  These  additional  con- 
cerns are  identified  in  Table  B  along  with  a  brief 
discussion  of  the  issue. 


Cause  Of  Use  Impairments 


A  cross  reference  matrix  of  the  impaired  uses 
versus  known  and  ptiteniial  sources  is  presented  in 
Table  C-  This  table  summarizes  the  linkages  that  have 
been  established  using  the  database  available  and  also 
identifies  where  other  Imkages  may  exist  but  more 
Information  is  needed  to  definitely  establish  the  link. 


Sources  of  contamination  within  the  Area  of 
Concern  are  di.scussed  in  detail  in  Chapter  5  ot  this 
report.  Since  many  problems  are  associated  with  ouLside 
sources,  these  are  discussed  separately  in  Chapter  6. 


Unimpaired  Beneficial  Uses 


A  considerable  number  of  beneficial  uses  are 
currently  unimpaired  by  water  quality  m  the  Niagara 
River  (Oni.)  Area  of  Concern.  The  list  of  beneficial 
uses  which  are  not  impaired  are  presented  in  Table  A 
along  with  a  short  discussion  on  the  current  state  of  that 
use. 


The  Future 


A  recent  trend  towards  water  quality  improve- 
ment appears  to  be  continuing  despite  human  encroach- 
ment on  the  ecosystem.  Some  past  problems  have 
already  been  rectified,  many  more  are  currently  being 
addressed.  Present  problems  are  being  abated  and  new 
issues  are  being  resolved  before  they  become  prob- 
lems. The  Niagara  River  AOC  has  an  adaptive  ecosys- 
tem; however,  civilization  has  enacted  some  dramatic 
changes  on  it.  For  decades,  people  have  been  part  of  the 
problem;  we  must  now  be  part  of  the  solution.  This 
region  will  never  return  to  pristine  condition  but,  with 
our  help,  it  can  return  to  a  useful,  balanced,  self- 
sustaining  ecosystem. 


In  order  to  allow  nature  to  restore  the  Niagara 
River  while  we  clean  up  past  practices,  we  must  no 
longer  abuse  its  resources.  The  prmciples  of  sustain- 
able development  and  environmental  responsibility 
must  guide  our  activities  for  the  future. 
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TABLE  B 


OTHER  ENVIRONMENTAL  CONCERNS 

Concern 

1                  Description  of  Impairment 

Zebra  Mussels 

The  influx  of  the  zebra  mussel  into  the  Niagara  River 
Area  of  Concern  has  affected  a  number  of  beneficial  uses 
of  the  river  and  its  tributaries.  Chief  concerns  involve 
clogging  of  drinking  water  intakes  and  submerged 
outfalls,  accumulation  at  swimming  areas,  loss  of  aquatic 
habitat,  competition  for  food  and  the  impact  on  the  scenic 
resource  at  Niagara  Falls. 

Uncontrolled 
Development 

Uncontrolled  community  development,  whether  it  is 
industrial,  commercial  or  residential  and  its  impact  on  the 
ecosystem  has  been  raised  as  a  concern. 

Unconlrolled 
Dcvelopmenl 

Uncontrolled  community  development,  whether  it  is 
industrial,  commercial  or  residential  and  its  impact  on  the 
ecosystem  has  been  raised  as  a  concern. 

Human  Health 

There  has  been  concern  expressed  over  the  need  for 
source  control  of  contaminants  in  order  to  protect  water 
supplies  and  ensure  that  fish  from  the  river  are  safe  to  eat. 
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For  those  interested  in  more  detailed  Niagara-related  environmental  information,  repositories  of  reports, 
papers,  texts  and  mapwork  have  been  established  for  public  access  by  Public  Advisory  Committees  of  both 
Niagara  River  RAPs  at  the  following  locations; 


In  Canada 

Niagara  Falls 
Public  Library 
Main  Branch 
4848  Victoria  Avenue 
Niagara  Falls,  Ontario 

InthelJnitpriStflKH; 

New  York  State  Department  of 
Environmental  Conservation 
Region  DC  Office 
270  Michigan  Avenue 
Buffalo.  New  York 
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1.0  ENVIRONMENTAL 
CONCERNS 


Governmental  agencies  and  private  interests 
have  been  investigating  the  Niagara  River  for  dec- 
ades. In  the  beginning,  concerns  and  studies  centred 
on  conventionaJ  contaminants  such  as  bacteria,  col- 
our, oil,  metals  and  nutrients.  These  concerns  were 
not  unique  to  the  Niagara  River  but  existed  as  a  global 
problem:  the  discharge  of  raw  or  paiiially  treated 
sewage  to  the  waters  of  the  world.  In  the  mid-I950's. 
in  the  Great  Lakes  basin,  the  Province  of  Ontario  and 
the  Government  of  Canada  started  a  massive  construc- 
tion programme  of  municipal  sewage  treatment  plants 
in  conjunction  with  Ontario  municipalities. 


Over  the  last  three  decades,  treatment  of  sani- 
tary sewage  has  improved  tremendously  in  terms  of 
the  number  of  plants  and  improvements  in  technol- 
ogy, both  in  Ontario  and  in  the  eight  Great  Lakes 
States.  As  technological  advances  in  science  during 
the  same  period  led  to  the  identification,  investigation 
and  understanding  of  more  complex  substances  in 
more  complex  media,  concern  has  changed  to  the 
problem  of  eliminating  toxic  substances  from  the 
environment 


The  environmental  agencies  of  Canada,  the 
United  Slates,  Ontario  and  New  York  have  recognized 
that  the  vast  majority  of  the  pollution  in  the  Niagara 
River  comes  from  the  New  York  side  of  the  river. 


The  State  of  New  York  is  currently  preparing 
similar  Remedial  Action  Plans  (RAPs)  for  both  the 
American  side  of  the  Niagara  River  and  the  Buffalo 
River.  The  Buffalo  River  RAP  is  cuirenlly  in  Stage  HI 
while  the  U.S.  Niagara  River  RAP  is  in  Stage  I  genera- 
lion. 


1.1  Pollution  of  the  Great 
Lakes 


Canada  and  the  United  States  of  America  signed 
the  Boundary  Waters  Treaty  in  1909  and  established 
the  International  Joint  Commission  for  the  Great  Lakes 
(UC).  The  UC  was  fonned  lo  co-operatively  resolve 
problems  along  the  common  border,  including  water 
and  air  pollution,  lake  levels,  power  generation  and 
other  issues  of  mutual  concern. 


The  Governments  of  Canada  and  the  United 
States,  as  early  as  1912.  asked  the  UC  to  examine  the 
extent  and  causes  of  pollution  in  the  Great  Lakes.  The 
Commission  identified  specific  water  bodies,  includ- 
ing the  St.  Marys.  Sl  Clair,  Detroit,  Niagara  and  St. 
Lawrence  Rivers,  as  being  polluted  with  raw  sewage. 
This  pollution  affected  nearby  human  populations; 
waterbome  diseases  such  as  typhoid  and  cholera  were 
common.  The  Commission  identified  sources  of  pol- 
lution and  recommended  specific  remedial  actions 
such  as  water  purification  and  wastewater  treatment. 
Such  actions  eventually  contributed  to  the  elimination 
of  these  diseases  in  the  Great  Lakes  basin. 


In  the  early  1960's.  nutrient  enrichment  was 
being  accelerated,  particularly  in  the  lower  Great 
Lakes.  In  1964  Canada  and  the  United  States  re- 
quested the  UC  to  undertake  a  study  into  the  causes  of 
pollution  in  the  lower  Great  Lakes,  including  the 
recommending  of  solutions.  The  UC  investigated  the 
problem  from  1964  to  1968  and  a  final  report  was 
submitted  to  the  governments  of  Canada  and  the 
United  States  in  1970.  The  study  concluded  that  the 
lower  lakes  were  suffering  from  accelerated 
eutrophication.  The  UC's  recommendations  were 
embodied  in  the  1972  Great  Lakes  Water  Quality 
Agreement  (GLWQA)  that  was  signed  by  the  Govem- 
ments  of  Canada  and  the  United  States.  The  Govern- 
ments of  Canada  and  Ontario  are  both  represented  on 
the  UC  boards.  In  Canada,  joint  federal -provincial 
environmental  commitments  are  coordinated  through 
the  Canada-Ontario  Agreement.  This  agreement  sets 
the  rules  and  the  responsibilities  of  the  various  agen- 
cies and  is  renewed  every  five  years  by  the  parties. 
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In  response  to  pollution  problems  reported  by 
the  UC  in  1948  and  other  Great  Lakes  studies,  the 
governments  undertook  a  programme  in  the  1960's 
and  1970's  to  provide  adequate  sewage  treatment  to 
municipal  discharges  within  the  Great  Lakes  basin. 
These  facilities,  together  with  similar  controls  on 
industrial  discharges  have  largely  eliminated  prob- 
lems with  conventional  contaminants  in  the  basin. 


Since  the  early  1970's,  the  complexity  of  envi- 
ronmental problems  has  become  evident  In  1978,  the 
GLWQA  was  revised  and  expanded  to  address  the 
loading  of  toxic  substances  to  the  Great  Lakes.  An 
ecosystem  approach  was  adopted  whereby  the  interac- 
tions of  land,  air,  water  and  all  lifeforms  were  consid- 
ered. 


In  1987,  the  two  nations  reaffirmed  their  com- 
mitments to  clean  up  the  Great  Lakes  in  a  second 
revision  of  the  Great  Lakes  Water  Quality  Agreement. 
The  1987  I.C.  PROTOCOL  incorporated  more  recent 
concerns  and  information  including  the  issue  of  per- 
sistent toxic  substances.  Areas  of  Concern  and  the 
development  of  Remedial  Action  Plans. 


As  a  result  of  the  Agreements,  considerable 
monies  have  been  spent  by  the  two  countries,  the  eight 
Great  Lakes  States  and  the  Province  of  Ontario  to 
reduce  the  pollution  of  the  lower  Great  Lakes  and  the 
International  portion  of  the  Sl  Lawrence  River  by 
municipal  sources  through  treatment  of  sewage  streams 
and  separation  of  storm  water  from  sanitary  sewage. 
Large  amounts  have  also  been  spent  by  government 
and  industry  to  reduce  or  eliminate  pollution  from 
industrial  sources. 


Health  and  Welfare  Canada  is  currently  em- 
barked on  health  effect  studies  programmes  to  assess 
public  health  in  the  Great  Lakes  basin  in  general  and 
the  RAP  Areas  of  Concern  in  particular. 


Goals  of  the  program  include  determining  the 
natiu"e,  magnitude  and  extent  of  effects  on  human 
health  of  exposure  to  contaminents,  developing  strat- 
egies to  reduce  the  risk  and  improving  communication 
and  consultation  on  health-environment  issues. 


1.2  Pollution  of  the  Niagara 
River 


Early  developmentof  the  Niagara  Frontier,  based 
largely  cm  economic  criteria,  has  proven  to  be  the 
cause  of  environmental  problems  both  in  the  Niagara 
River  and  the  surrounding  area.  (Fig.  1.1) 


The  earhest  recognized  chemical  pollution  prob- 
lems in  the  Niagara  River  were  identified  in  a  1948 
study  by  the  UC  as  sewage,  bacteria,  oil,  phosphorus, 
chloride,  phenol,  mercury  and  general  discolouration. 


In  the  1980's,  the  focus  shifted  to  contamination 
by  toxic  substances.  This  shift  has  been  particularly 
true  for  the  Niagara  River,  where  concern  has  also 
centred  on  the  effects  of  these  chemicals  on  human 
health  and  the  ecosystem.  A  toxic  substance  is  de- 
fined by  the  UC  as  one  which  can  cause  death,  disease, 
behavioiuial  abnormalities,  cancer,  genetic  mutations, 
physiological  or  reproductive  malfunctions  or  physi- 
cal deformities  in  any  organism  or  its  offspring  or 
which  can  become  poisonous  after  concentration  in 
the  food  chain  or  in  combination  with  other  sub- 
stances. A  persistent  toxic  substance  in  water  is 
defined  as  a  toxic  substance  with  a  half-life  (time  at 
which  half  of  the  original  amount  of  chemical  still 
exists)  of  greater  than  eight  weeks. 


In  addition  to  the  activities  and  attention  of 
government  agencies,  public  attention  around  the 
Great  Lakes  basin  focused  on  the  Niagara  River  in 
1981  when  the  New  York  Public  Interest  Research 
Group  (NYPIRG)  released  its  study  on  toxic  contami- 
nation of  the  Niagara  River  entitled  "Tlie  Ravaged 
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River"'.  In  that  study  the  authors  restricted  their 
concerns  and  subsequent  investigations  to  the  U.S. 
side  of  the  Niagara  River.  The  report  presented  infor- 
mation on  discharge  of  industrial  wastewater,  histori- 
cal landTiUing  activities  and  the  threat  that  both  present 
to  the  natural  integrity  of  the  Niagara  River,  the 
quality  of  its  surrounding  environment  and  the  health 
and  well-being  of  the  people  who  drink  water  drawn 
from  this  source. 


The  NYPIRG  recognized  that  during  the  1970's, 
environmental  awareness  had  led  to  a  substantial 
amount  of  public  funds  being  used  lo  improve  water 
quality.  These  efforts  had  centred,  by  and  large,  on 
controlling  degradable  biological  wastes  and  little 
progress  had  been  made  on  the  control  or  elimination 
of  toxic  chemicals.  The  same  conclusions  could  be 
drawn  for  the  Canadian  side  of  the  Niagara  River, 
although  to  a  much  smaller  degree,  since  the  Canadian 
side  is  much  less  developed  and  populated. 


Since  the  early  1980's,  technological  advances 
have  produced  far  more  sophisticated  analytical  equip- 
ment and  methodology  than  before.  This  has  enabled 
scientists  lo  detect  a  far  greater  number  of  chemicals 
and  at  much  lower  concentrations  (several  orders  of 
magnitude)  than  in  previous  decades.  These  capabili- 
ties have  contributed  to  the  perception  that  the  Nia- 
gara River  is  more  polluted  now  than  in  the  past.  Our 
ability  to  detect  chemicals  at  these  lower  concentra- 
tions has  outpaced  our  understanding  of  the  short  and 
long  term  effects  at  these  levels  on  either  human 
health  or  the  ecosystem.  In  many  cases,  the  scientific 
basis  for  understanding  the  environmental  and  human 
health  significance  of  these  chemicals,  both  alone  and 
in  concert  with  other  chemicals,  is  not  well  under- 
stood. The  determination  of  toxicological  effects  is 
both  difficult  and  expensive;  it  will  also  take  consider- 
able time  to  establish  results  with  some  certainty. 


Research  is  only  now  clarifying  the  link  be- 
tween toxic  substances  in  the  Niagara  River  and  the 
subsequent  effects  on  the  ecosystem.  Some  condi- 
tions in  Lake  Ontario  such  as  the  occurrence  of  dioxin 


and  mirex  in  Lake  Ontario  sports  fish  can  be  attributed 
directly  to  conditions  in  the  Niagara  River.  In  some 
instances,  commercial  fishing  in  Lake  Ontario  has 
been  restricted  as  a  result  of  mirex  and  PCB  levels; 
these  restrictions  are  partly  attributable  to  contami- 
nants introduced  by  the  Niagara  River.  Ther«  is  also  a 
possibility  that  some  chemicals  from  the  Niagara 
River,  although  not  a  problem  themselves,  may,  in  the 
presence  of  chemicals  from  other  sources  around  Lake 
Ontario,  generate  synergistic  reactions  which  con- 
taminate the  water,  sediment  or  biota  in  the  lake.  Such 
synergistic  reactions,  aldiough  less  direct,  can  have 
just  as  significant  an  effect  as  specific  contaminants. 


Toxic  chemical  contamination  of  the  Niagara 
River  is  a  complex  problem.  Toxic  chemicals  have 
probably  been  in  the  Niagara  River  for  years,  over  the 
entire  period  of  their  production  and  continuing  to  the 
prcsenL  Analyses  of  sediment  cores  taken  from  the 
Niagara  Sediment  Bar  in  Lake  Ontario  have  indicated 
that  many  of  these  substances  were  present  in  the  river 
as  long  ago  as  the  first  quarter  of  this  century.  This 
time  period  coincides  with  the  establishment  of  indus- 
trial complexes  on  the  banks  of  the  river. 


Existing  long-temi  water  quality  data  generally 
show  a  decline  in  the  concentration  of  many  contami- 
nants in  the  river  when  compared  to  levels  found 
during  the  1960's. 


One  of  the  biggest  worries  to  the  public  is  the 
contamination  of  potable  water.  There  is  widespread 
concern  among  the  public  that  the  consumption  of 
water  containing  toxic  contaminants  has  led  to  a  gen- 
eral decline  in  the  health  of  the  residents  of  the  Great 
Lakes  area.  For  those  chemicals  for  which  drinking 
water  standards  exist,  monitoring  data  shows  that 
Niagara  River  levels  are  below  current  Canadian.  U.S. 
and  Worid  Health  Organization  limits.  Development 
of  drinking  water  standards,  as  for  other  standards,  is  a 
dynamic  process.  There  are  chemicals  present  in  the 
Niagara  River  for  which  drinking  water  standards  do 
not  exisL  It  has  not  yet  been  determined  whether 
standards  should  be  established  for  these  chemicals  or 
if  these  substances  have  any  detrimental  effect  on 
humans.   With  respect  to  the  public's  perceived  de- 
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cline  in  health  due  to  contaminants  in  drinking  water, 
it  may  be  that,  similar  to  advances  in  science,  parallel 
advances  in  medicine  have  increased  our  capabilities 
to  detect  disease  far  more  readily  than  was  possible  in 
the  pasL  Therefore  some  consideration  must  be  given 
to  the  possibility  that  increasing  instances  of  disease 
may  be  related  to  a  better  capability  of  diagnosing 
these  diseases.  To  date,  study  information  is  not 
available  comparing  differences  in  health  between 
residents  of  the  Great  Lakes  basin  and  control  groups 
that  would  confirm  whether  or  not  the  perceived  dete- 
rioration in  health  levels  is  a  real  phenomenon. 


Toxic  substances  have  been  detected  and  are 

routinely  monitored  in  the  effluents  of  industrial  and 
municipal  facilities  discharging  to  the  river.  They 
have  also  been  detected  in  urban  storm  water  runoff. 
In  addition,  major  toxic  waste  disposal  sites  have  been 
identified  along  the  eastern  bank  of  the  Niagara  River 
and  many  of  these  are  known  to  leak  contaminants 
into  the  river. 


Contaminatitm  of  ^e  Niagara  River  Area  of 
Concern  (Figure  1.1)  by  toxic  chemicals  may  be  the 
predominant  issue;  however,  environmental  degrada- 
tion by  conventional  contaminants  such  as  nutrients 
and  bacteria  is  still  a  problem  in  the  Niagara  tributar- 
ies and  feeder  streams  and  to  a  lesser  extent  in  the 
Niagara  itself.  In  the  tributary  portions  of  this  Area  of 
Concern,  aquatic  and  weUand  habitat  has  been  dis- 
turbed or  lost  due  to  the  activities  of  man.  Siltation  is 
also  a  significant  problem  in  the  Niagara  River  tribu- 
taries, particularly  the  Welland  River.  In  significant 
portions  of  these  streams,  soil  has  been  carried  down- 
stream and  deposited  in  critical  habitat  areas.  This 
sediment,  although  not  normally  thought  of  as  a  con- 
taminant, has  nonetheless  physically  degraded  the 
environment. 


Soils  in  the  upland  areas  of  the  Area  of  Concern 

are  eroded  both  by  the  activities  of  people  and  their 
livestock  and  by  precipitation  runoff.  The  soil  is 
suspended  in  the  tributary  waters  as  sediment  and 
eidier  drops  out  in  the  tributary  or  is  carried  out  into 
the  Niagara  River  and  deposited  on  the  Niagara  Sedi- 


ment Bar.  This  area,  referred  to  as  the  'Niagara  Bar' 
(Figure  1.2).  is  located  in  Lake  Ontario  to  the  north  of 
Niagara-on-ihe-Lake. 


During  their  passage  down  the  Niagara  River, 
the  finer  clay  particles  become  highly  contaminated, 
and  subsequently,  where  these  clay  sediments  fall  out 
of  the  water  column,  a  heavily  contaminated 
depositional  ^^a  is  found. 


1.3  Environmental  Data 
Base 


Data  collections  which  started  in  the  mid-1970's 
have  now  developed  into  immense  databases.  In  the 
early  1980's,  the  Niagara  River  Toxics  Committee 
(NRTC)  collated  and  analyzed  all  of  the  1980-1982 
data  for  the  Niagara  River^'-^.  That  work  is  presented 
in  a  1984  report*". 


Since  1984,  Environment  Canada,  the  Ontario 
Ministry  of  Natural  Resources  and  the  Ontario  Minis- 
try of  the  Environment  have  undertaken  subsequent 
studies  both  in  concert  with,  and  in  addition  to,  the 
NRTC  report  recommendations.  These  studies  in- 
volve the  following: 


1)  annual  monitoring  of  a  wide  range  of  con- 
ventional and  toxic  contaminants  from  all 
point  source  discharges; 

2)  detailed  investigations  of  all  landfills  iden- 
tified in  the  NRTC  report  and  estimation  of 
the  loading  of  contaminants  to  the  Niagara 
River  from  these  sources; 

3)  regular  biomonitoring  of  contaminants  us- 
ing freshwater  mussels  and  leeches, 

CladoDhora  and  spottail  shiners; 

4)  intensive  year-round  monitoring  of  river 
water  for  chemical  concentrations  at  Fort 
Erie  and  Niagara-on-the-Lake; 
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5)  intensive  monitoring  of  chemical  concen- 
trations in  raw  and  treated  drinking  water 
at  filtration  plants  in  ttie  Niagara  Peninsula: 

6)  annual  sampling  and  analysis  of  fish  flesh 
from  sport  and  forage  species  in  the  upper 
and  lower  Niagara  River  and  nearby  areas 
of  Lake  Ontario  to  determine  toxic  con- 
taminant body  burden  and  establish  con- 
sumption advisories  where  required; 

7)  detailed,  intensive  monitoring  of  tributar- 
ies to  the  Niagara  River  to  establish  the 
relative  proportion  of  contamination  from 
e^h  of  these  sources. 


1.4  Areas  of  Concern 


Over  the  past  decade,  great  progress  has  been 
made  to  overcome  the  effects  of  more  than  a  century 
of  unabated  pollution  in  the  Great  Lakes  basin.  De- 
spite this  progress,  serious  problems  remain.  The 
Great  Lakes  Water  Quality  Board,  which  advises  the 
UC  on  water  quality  issues  has  identified  43  Areas  of 
Concern  in  the  Great  Lakes  basin.  These  Areas  of 
Concern  include  the  major  municipal  and  industrial 
centres  on  Great  Lakes  tributaries.  Great  Lakes  har- 
bour areas  and  the  interconnecting  channels.  In  each 
of  these  areas,  the  objectives,  standards,  criteria  or 
guidelines  of  one  or  more  environmental  agency  have 
been  exceeded.  The  UC  requires  that  remedial  meas- 
ures be  instituted  to  restore  and  maintain  desired 
beneficial  uses.  These  may  include  use  as  municipal 
and  industrial  water  supplies,  recreational  activities 
and  unrestricted  use  by  aquatic  life. 


1.5  Remedial  Action  Plans 


The  Province  of  Ontario  and  the  eight  Great 
Lakes  States  have  committed  themselves  to  the  devel- 
opment of  Remedial  Action  Plans  to  restore  all  benefi- 
cial uses  in  the  Areas  of  Concern  within  their  jurisdic- 
tions.   In  Ontario,  the  Govemmenls  of  Canada  and 


Ontario  are  working  under  the  framework  of  the 
Canada-Ontario  Agreement  Respecting  Great  Lakes 
Water  Quality  (COA),  to  jointly  develop  Remedial 
Action  Plans  for  the  17  Areas  of  Concern  within  the 
Province. 


A  Remedial  Action  Plan  or  RAP  is  a  plan  to 
restore  and  protect  water  quality  in  an  Area  of  Con- 
cern. The  complete  ecosystem  must  be  considered  as 
it  relates  to  the  aquatic  component  within  this  Area  of 
Concern. 


The  RAPs  ultimately  will  identify  specific  meas- 
ures necessary  to  conu-ol  existing  sources  of  pollution, 
abate  environmental  contamination  already  present  re- 
store beneficial  uses  and  pre  pollution  sources. 


The  development  of  RAPs  will  be  a  coordinated 
effort  amongst  all  programmes,  agencies,  communi- 
ties and  the  public  in  an  Area  of  Concern.  These 
diverse  groups  will  come  together  to  work  on  common 
goals  and  objectives.  These  RAPs  represent  the  first 
concerted  effort  in  most  Areas  of  Concern  to  restore 
beneficial  uses.  They  reflect  the  ecosystem  approach 
outlined  in  the  1978  Agreement  to  protect  the  waters 
of  the  Great  Lakes  system.  The  ecosystem  approach" 
involves  consideration  of  all  water  dwellers  and  users 
in  ^dressing  pollution  concerns. 


Components  of  any  Remedial  Action  Plan  in- 
clude, but  are  not  limited  to,  municipal  and  industrial 
wastewater  treatment,  hazardous  waste  management, 
non-point  source  pollution  control,  ground  water  man- 
agement, fisheries  and  wildlife  management,  harbour 
maintenance  and  dredging,  land  use  planning  and 
recreation. 
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Eight  specific  elements  will  be  included  in  ihe 
Remedial  Action  Plan.  These  are: 


1)  Definition  and  detailed  description  of  the 
environmental  problem,  including  the  ex- 
tent of  the  affected  area. 


2)  Identification  of  the  beneficial  uses  that  are 
impaired  including  the  degree  of  impair- 
ment. 


3)  Description  ofthe  causes  of  the  use  impair- 
ment and  identification  of  all  sources  of 
pollution  that  may  have  contributed  to  these 
problems. 


4)  Evaluation  of  the  remedial  actions  in  place, 
as  well  as  those  additional  measures  neces- 
sary to  restore  the  impaired  beneficial  uses 
to  the  Area  of  Concern, 


5)  Selection  of  remedial  measures  and  devel- 
opment of  a  schedule  for  their  implementa- 
tion and  completion. 


6)  Identification  of  the  parties  responsible  for 
the  implementation  and  regulation  of  these 
remedial  measures. 


7)  Development  of  a  method  for  monitoring 
the  implementation  and  evaluating  the  ef- 
fectiveness ofthe  remedial  programme  and 


8)  Design  of  a  surveillance  and  monitoring 
programme  that  will  be  used  by  the  various 
participants  to  gauge  the  effectiveness  of 
the  remedial  measures  and  eventually  con- 
firm that  the  impaired  uses  have  been  re- 
stored to  the  Area  of  Concern. 

This  Stage  I  addresses  elements  1)  through  3). 


1.6  Public  Involvement 


Public  involvement  is  an  important  pan  in  the 
RAP  process.  Every  person  or  organization  that  has 
an  interest  in  or  responsibiUty  for  the  Niagara  River  is 
considered  to  be  part  of  the  public,  and  is  encouraged 
to  become  involved  in  the  development  of  the  RAP. 


1.6,1  The  Public  Advisory 
Committee 


In  November  of  1988  the  Ministry  of  the  Envi- 
ronment held  a  series  of  public  meetings  in  Niagara- 
on-the-Lake,  Niagara  Falls  and  Fort  Erie  to  present  the 
RAP  programme.  These  meetings  provided  an  oppor- 
tunity for  those  citizens,  organizations,  etc.,  who 
wanted  greater  involvement  in  the  RAP  to  join  and 
participate  in  a  Public  Advisory  Committee  (PAC). 
As  a  result,  the  Niagara  River  Public  Advisory  Com- 
mittee was  established  in  January  of  1989. 


The  PAC  operates  as  an  advisory  body  to  the 
RAP  Team,  representing  a  variety  of  views  on  key 
aspects  of  the  RAP  preparation  and  implementation. 
Information  was  provided  to  the  PAC  on  the  issues 
within  the  Niagara  River  Area  of  Concern  during  early 
1989.  This  included  presentations  by  the  Ontario 
Ministry  of  Natural  Resources  on  the  ecosystem  com- 
ponents, the  Ontario  Ministry  of  the  Environment  on 
the  new  sediment  quahty  criteria  development  and  by 
Environment  Canada  on  the  Niagara  River  sampling 
program. 


The  PAC  considers  all  views  presented  by  the 
general  public  in  formulating  its  consensus  during  the 
development  of  the  RAP.  The  committee  consists  of 
representatives  from  major  sectors  having  interests  in 
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the  Niagara  River  Area  of  Concern.  Rcpreseniatives 
from  the  following  sectors  are  participating  on  the 
PAC: 


-  environmental  and  public  interest  groups 
-university  and  high  school  staff  &  students 
-recreation  and  tourism  interests 

-  industry 

-  municipalities 
-labour 

-  health 
-agriculture. 


1.6.2  PAC  Organization 


The  PAC  is  chaired  by  Prof.  Ian  Brindle  from 
Brock  University.  It  meets  regularly  on  the  evening  of 
the  second  Tuesday  of  each  month  at  Niagara  Falls  in 
the  City  Hall  Council  Chambers.  The  meetings  are 
conducted  using  the  parliamentary  system  and  min- 
utes arc  recorded  and  filed.  The  PAC  has  appointed 
sub-committees  to  address  specific  issues.  The  RAP 
Co-ordinator  or  alternate  attends  all  meetings.  All 
PAC  meetings  are  open  to  the  general  public  and  are 
advertised  in  the  local  media. 


1.6.3  The  Community  Liaison 
Coordinator 


The  PAC  has  employed  the  services  of  a  Com- 
munity Liaison  Coordinator  (CLC),  through  whom  all 
PAC  matters  are  directed.  The  CLC  has  esablished 
the  PAC  office  and  the  telephone/fax  number  is  adver- 
tised in  the  local  and  Toronto  directories  for  the 
convenience  of  those  members  of  the  public  who  wish 
to  obtain  information  on  the  RAP  program,  etc.  Col- 
lect calls  are  accepted.  The  CLC  co-ordinates  all 
meetings  and  activities  of  the  PAC  and  its  subcommit- 


tees; this  includes  attending  all  meetings  (including 
RAP  Team  meetings),  recording  minutes,  preparing 
agendas  and  circulating  reports.  To  facilitate  the  How 
of  information  between  various  groups  during  the 
development  of  the  RAP.  the  CLC  liaises  with  the 
public,  government  agencies  (both  in  Ontario  and  the 
U.S.)  and  the  PAC.  The  CLC  networks  with  other 
PACs  through  such  events  as  the  Ontario  PAC  Council 
meetings,  and  the  UC  RAP  Forum  (Traverse  City, 
Michigan.  September  27  &  28, 1991)  and  reports  back 
to  the  PAC. 


Special  projects  or  proposed  public  outreach 
activities  are  planned  and  carried  out  with  the  help  of 
the  Community  Liaison  Coordinator.  Details  are 
presented  in  the  section  on  pubUc  outreach  activities. 


1.6.4  The  PAC  Terms  of  Reference 


The  PAC  operates  under  a  Terms  of  Reference  it 
estabUshed  m  1988  and  revised  in  January  1992.  This 
includes  a  description  of  how  it  relates  with  the  RAP 
Team  and  the  public  at  large  and  defines  the  roles  and 
responsibilities  of  the  PAC  as  a  whole,  the  PAC  Chair, 
PAC  Commission  Liaison  Coordinator  and  each  of  the 
individual  member  organizations  and  their  representa- 
tives. The  criteria  for  membership  on  the  PAC  are 
ouUined  and  the  rules  of  PAC  operation  are  identified. 


The  Terms  of  Reference  are  summarized  in  a 
Factsheet  entiUed  "Public  Advisory  Committee  (PAQ 
Terms  of  Reference"  which  outiines  these  responsi- 
bilities, roles  and  objectives  of  the  PAC. 
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1.6.5  The  PAC  and  Input  Into  the 
RAP 

The  PAC  has  a  three-fold  mandate: 


to  provide  advice  and  assistance  to  the  RAP 
Team 

to  implement  public  outreach  activities 

to  liaise  between  the  Canadian  and  U.S. 
Niagara  River  RAPs. 


The  PAC  achieves  input  into  the  RAP  through 
various  sub-commitlees,  which  meet  on  a  regular  or  " 
as  required"  basis.  These  are: 


1)  The  International  Advisory  Committee 
aAC) 

2)  The  Technical  Sub-committee 

3)  The  Communications  and  Editorial  Sub- 
committee 

4)  The  Land-use  Sub-committee. 


In  addition,  the  PAC  provides  direct  input 
through  participation  of  2  representatives  on  the  RAP 
team. 


1.6.6  The  International  Advisory 
Committee  (lAC) 


The  lAC  is  composed  of  5  PAC  members  and  5 
members  of  the  Niagara  River  Action  Committee 
(NRAC)  of  the  U.S.  RAP.  including  the  PAC  Chair 
and  the  NRAC  Co-chair.  The  lAC  acts  as  a  forum  for 
the  exchange  of  information,  discussion  of  common 
concerns,  and  the  development  of  joint  activities  be- 
tween the  two  RAPs  on  the  Niagara  River.  The  lAC 
meets  each  month,  with  the  meeting  venue  alternating 
between  Ontario  and  New  York  State.     The  host 


country  chairs  the  meetings  and  records  the  minutes. 
Agenda  items  are  discussed  and  agreed  upon  for  each 
of  the  meetings. 


The  I  AC  has  provided  a  forum  for  review  of  the 
RAP  Stage  1  documents.  The  NRAC  members  were 
provided  with  copies  of  the  draft  RAP  Stage  I  (Ont.) 
document  Comments  from  the  NRAC  were  directed 
to  the  PAC  in  a  letter,  and  these  comments  were 
reviewed  by  the  PAC  before  being  submitted  to  the 
RAP  Team.  The  Canadian  lAC  members  and  the 
Technical  Sub-committee  are  presently  reviewing  the 
draft  chapters  of  the  U.S.  RAP  Stage  1  document. 
Their  comments  and  requests  for  further  clarification 
on  some  issues  were  discussed  at  the  November  1991 
lAC  meeting.  The  PAC  will  convey  its  comments  to 
the  NRAC  through  a  letter  via  the  lAC  when  the 
complete  draft  RAP  Stage  1  has  been  reviewed. 


To  dale,  joint  activities  undertaken  by  the  PAC 
and  NRAC  via  the  lAC  have  included  a  boat  tour  of 
the  upper  Niagara  River,  and  the  establishment  of 
repositories  containing  reports  on  pollution  in  the 
Niagara  River.  The  NRAC  repository  is  housed  in  the 
Buffalo  office  of  the  N.Y.  Department  of  Environ- 
mental Conservation.  The  PAC's  Niagara  River  Re- 
pository is  housed  at  the  Niagara  Falls  PubUc  Library. 


1.6.7  The  Technical  Sub-committee 


The  Technical  Sub-committee  acts  as  an  advi- 
sory and  technical  review  body  to  the  PAC.  It  meets 
between  PAC  meetings  as  required  to  review  and 
provide  comments  and  suggestions  on  material  of  a 
technical  nature.  The  Technical  Sub-committee  fa- 
cilitates PAC  decisions  on  various  issues  presented  for 
consideration  during  the  RAP  process.  Any  issues 
arising  from  PAC  meetings  that  require  further  con- 
sideration are  usually  referred  to  the  Technical  Sub- 
committee. On  several  occasions  the  Technical  Sub- 
committee has  made  recommendations  to  the  PAC  for 
discussion  or  endorsement. 
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Response  lo  the  RAP  Stage  1  draft  document  by 
the  PAC  has  been  provided  primarily  by  the  Technical 
Sub-committee.  It  reviewed  the  RAP  Stage  1  (Ont.) 
report  and  presented  detailed  written  comments  to  the 
PAC  for  discussion  before  submission  to  the  RAP 
Team.  The  Technical  Sub-commiitce  is  presently 
reviewing  the  draft  chapters  of  the  NRAC  RAP  Stage 
1  (U.S.)  report  Comments  will  be  conveyed  to  the 
lAC  members,  who  will  in  turn  present  and  discuss 
these  issues  at  the  lAC  meetings. 


Most  recently,  in  Stage  2  of  the  RAP,  the  Techni- 
cal Sub-committee  has  reviewed  and  discussed  in 
detail  the  preliminary  identification  of  remedial  op- 
tions compiled  in  a  technical  options,  discussion  docu- 
menL  Comments  from  this  review  have  been  brought 
to  PAC  meetings  for  discussion  and  clarification,  and 
subsequently  directed  to  the  RAP  Team  for  integra- 
tion into  the  technical  options  report. 


1.6.8  The  Land-use  Sub-committee 


The  Land-use  Sub-committee  was  established 
to  address  concern  expressed  by  the  PAC  on  various 
land-use  issues  in  the  ACXD.  To  date  the  sub-commit- 
tee has  commented  on  the  need  for  a  discussion  on 
tourism. 


1.6.9  The  Communications  & 
Editorial  Sub-committee 


The  Communications  &  Editorial  Sub-commit- 
tee was  established  to  design,  develop  and  implement 
public  outreach  activities.  These  activities  inform  the 
public  of  the  RAP  process  and  provide  an  avenue  for 
receiving  suggestions,  comments,  etc.,  from  the  public. 


One  of  the  first  accomplishments  of  the  sub- 
committee was  the  production  of  a  slide-show  and 
script,  which  explains  the  environmental  problems  in 


the  Niagara  River  AOC,  the  Niagara  River  RAP  and 
the  PAC's  involvement  in  the  RAP  process.  The 
slide-show  and  a  portable  display  system  has  enabled 
the  PAC  to  provide  extensive  information  to  the  gen- 
eral public  at  various  events,  such  as: 


1990:  -  Environment  Day,  City  of  Niagara 
FaUs,June  1990 


Niagara  Falls  University  Women's 
Club.  October  1990. 


1991:  -  Brock  University's  'Two  Days  of 

Canada'  Conference,    February  1991 

-  High  Schools.  A.N.  Myer's  Global 
Awareness  Day,  May  1991 

-  Niagara  South  Board  of  Education's 
Environmental  Conference,  May  1991 

-  Environment  Day,  City  of  Niagara 
FaUs.June  1991 

-  Canada  Day  exhibit  in  Optimist  Club, 

Niagara  Falls,  July  1991 

-  Christ  Church,  River  Road,  Niagara 
Falls,  October  1991 

-  Niagara  Square  Shopping  Mall,  No- 
vember 1991 

-  RAP  Stage  1  Media  Familiarization 
Tour  of  the  main  points  of  interest  in 
the  AOC,  November  1991. 

-  Maclean- Hunter  Cable  Television  In 
terview,  December  1991, 


During  the  summer  and  fall  of  1991  the  display 
system  was  exhibited  at  Niagara  Falls,  StCatharines, 
Welland  and  Fort  Erie  public  libraries. 


Factsheets  on  the  Niagara  River  and  the  RAP 
program  are  available  as  handout  material  to  the  gen- 
eral public.  Also,  a  business  card  with  details  of  the 
PAC  office  address,  telephone  and  fax  numbers  is 
available. 
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Through  the  sub-corn  mi  uee,  the  PAC  has  re- 
ccniJy  produced  a  document  entitled  'The  Niagara 
River  -  How  did  we  get  to  this  Stage?"  This  report  has 
been  produced  at  the  initiative  of  the  PAC  and  under 
the  collaborative  direction  of  the  PAC,  RAP  Team  and 
the  Canada -Ontario  Agreement  (COA)  Steering  Com- 
mittee. It  was  prepared  to  present  the  problems,  both 
real  and  perceived,  to  the  public  in  the  AOC.  This 
report  includes  a  tear-off  strip,  which  has  been  de- 
signed by  the  PAC  to  solicit  comments  from  the 
general  pubhc  or  requests  for  further  information  or 
slide-show  presentations. 

Also,  the  PAC  has  produced  a  newsletter  "Cur- 
rent" which  contains  up-to-date  infonmaiion  on  the 
RAP  and  activities  within  the  AOC. 


These  documents  are  available  to  the  general 
public  in  both  English  and  French,  and  are  being 
actively  distributed  through  networks  of  local  citi- 
zens. 


A  recent  public  outreach  campaign  was  held  to 
publicize  the  Stage  I  activities  and  the  work  of  the 
PAC  during  the  week  of  November  4.  1991  and  in- 
cluded the  following: 


RAP  Familiarization  Tour  of  points  of  in- 
terest in  the  AOC  for  the  media,  November 
5,  1991. 

CJRN  Radio  Talk-show  on  which  the  PAC 
Chair  and  the  NRAC  Co-chair  were  guests 
to  provide  information  about  the  RAP  proc- 
ess and  public  involvement,  and  they  re- 
sponded to  questions  telephoned  in  by  the 
listening  public. 

Niagara  Square  Shopping  Mall,  November 
7  &  8,  1991.  The  slide-show  and  display 
system  were  exhibited  and  Factsheets  were 
available  for  the  general  public. 


1,6.10  PAC  Activities 


The  PAC  has  been  instrumental  in  establishing  a 
pollution  report  repository.  The  establishment  of  the 
repository  was  recommended  by  the  PAC  to  be  avail- 
able as  reference  material  to  the  citizens  of  the  com- 
munity. The  bibliography  contains  over  550  entries, 
and  acquisition  of  the  items  commenced  in  September 
1991. 


To  date  the  PAC  has  held  2  workshops  for  PAC 
members,  the  RAP  Team  and  the  general  public  to 
discuss  the  issues.  In  each  case,  the  PAC  scheduled  a 
Saturday  session,  from  9:00  a.m.  to  5:00  p.m.,  for 
which  a  Facilitator  was  employed  to  conduct  the 
workshop,  consolidate  all  comments  and  to  provide  a 
report  of  the  proceedings. 


The  fust  workshop  was  held  in  January  1990, 
when  the  PAC  identified  impaired  uses  of  the  Niagara 
River,  such  as  fishing,  swimming  and  boating.  From 
the  report  of  the  workshop,  the  PAC  initiated  the 
development  of  its  goals. 


The  second  workshop  was  held  in  February 
1991  to  review  and  comment  on  the  RAP  Stage  1 
(OnL)  report.  All  comments  from  the  PAC  were  con- 
sidered by  the  RAP  Team.  Where  appropriate,  this 
report  contains  the  PAC's  recommendations  and  sug- 
gestions. 


Since  the  January  1990  workshop,  the  PAC  has 
been  developing  goals  and  objectives  so  that  it  might 
accomplish  the  mission  it  esiabhshed  at  its  inception 
*'lo  protect  and  maintain  the  integrity  of  the  ecosystem 
for  the  Niagara  River."  The  PAC  is  presently  going 
through  the  exercise  of  linking  those  goals  and  objec- 
tives. 
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The  PAC  has  also  been  consulted  and  asked  lo 
either  commeni  on  or  endorse  special  projects  within 
the  AOC.  These  have  included  the  following: 


1)  Atlas  Specialty  Steels  dredging  project  in 
the  Welland  River  to  remediate  areas  of 
sediment  contamination. 


Members  of  the  PAC  sit  on  the  Welland 
River  Liaison  Commiaee  to  provide  conti- 
nuity of  concern  in  the  RAP  process.  The 
PAC  provided  suggestions  during  the  de- 
sign and  initiation  of  the  demonstration 
project.  With  support  from  the  PAC,  the 
project  received  funding  from  Environment 
Canada's  Federal  Great  Lakes  Clean-up 
fund. 


2)  Infrastructure  Needs  Study  by  the  Regional 
Municipality  of  Niagara.  After  a  presenta- 
tion about  this  study  and  discussion  of  its 
application  to  Stage  2  of  the  RAP.  the  PAC 
endorsed  this  project. 


3)  The  PAC  was  presented  with  information 
on  the  proposed  remediation  by  Cyanamid 
of  its  landfill  sites  in  the  north  end  of  the 
City  of  Niagara  Falls. 

1.6.11  The  Ontario  PAC  Council 


Networking  among  the  RAPs  in  Ontario  is 
achieved  via  the  Ontario  PAC  Council,  which  is  com- 
prised of  representatives  from  each  of  the  16  PACs. 
The  Chair  of  the  Niagara  River  PAC  represents  the 
PAC  at  the  PAC  Council  meetings.  The  PAC  Council 
meets  biannually  at  different  AOCs.  To  date  meetings 


have  been  held  at  the  Bay  of  Quinte  (October  1990. 
establishment  of  the  PAC  Council),  Toronto  (April 
1991)  and  Hamilton  (October  1991). 


1.6.12  New  initiatives  for  Public 
Involvement 


The  Niagara  River  PAC  encourages  involve- 
ment of  all  sectors  in  the  community  in  the  RAP 
process,  including  student  participation.  Student  in- 
terest in  the  RAP  has  resulted  in  the  discussion  of  a 
possible  "student  club"  associated  with  and  under  the 
direction  of  the  PAC.  The  student  club  is  carrying  out 
a  "hands  on"  activity  within  the  AOC  in  February 
1992  to  complement  input  to  the  RAP  by  the  PAC. 


1.6.13  Reports  by  the  PAC 


1)  Niagara  River  RAP/PAC  workshop  to  de- 
fine water  quality  problem  and  use  goals. 
Workshop  Report  January  27  1990. 


2)  Niagara  River  RAP/PAC  Stage  1  Repori 

Workshop  Report  February  2  1991. 


3)  ''Niagara  River  -  How  did  we  get  to  This 
Stage."  Joint  RAP/PAC  Report. 


4)  "Current"  Newsleuer,  Fall  1991  Volume  1 
No.  1. 


5)  "Au  Courant"  Newsletter,  Auiomne  1991. 


6)  "La  rivifire  Niagara  -  Comment  en  est-on 
arrive  lA  ?"  Jan.  1992. 
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2.0  DESCRIPTION  OF 
THE  AREA 


The  complete  Great  Lakes  area  which  drains 
into  the  Niagara  River  is  227.000  square  kilometres 
(88,000  square  miles)  and  encompasses  the  entire 
drainage  basins  of  the  four  upstream  Great  Lakes: 
Superior,  Huron,  Michigan  and  Erie,  as  well  as  the 
Ogoki  and  Long  Lake  Diversion  north  of  Lake  Supe- 
rior. The  Niagara  River  "Area  of  Concern"  (AOC) 
involves  only  that  portion  of  the  drainage  area  be- 
tween Lakes  Erie  and  Ontario  (Figure  1.1). 


The  Niagara  River  is  the  major  interconnecting 
waterway  between  Lake  Erie  and  Lake  Ontario  (Fig- 
ure 2.1).  Flowing  northerly  from  the  former  to  the 
latter,  the  Niagara  River  drops  some  100  metres  (330 
feet)  in  water  elevation  over  a  distance  of  58  kilome- 
tres (37  miles).  The  river  includes  one  of  the  seven 
natural  wonders  of  the  world,  Niagara  Falls  (one  of  the 
world's  major  waterfalls),  which  physically  divides 
the  river  into  an  upper  and  a  lower  section.  More  than 
half  of  the  drop  (56  m  or  182  ft)  in  the  Niagara  River 
occurs  over  the  Niagara  Falls. 


The  border  between  Canada  and  the  United 
States  of  America  lies  down  the  middle  of  the  Niagara 
River.  The  west  bank  and  tributaries  on  the  west  side 
of  the  river  are  the  jurisdictions  of  Canada  and  the 
Province  of  Ontario.  The  east  side  is  under  the  juris- 
diction of  the  United  States  and  the  State  of  New  York. 


2.1  Physical  Characteristics 


On  a  regional  scale,  the  Niagara  River  Area  of 
Concern  extends  the  entire  58  kilometre  length  of  the 
Niagara  River  and,  in  Ontario,  encompasses  the 
Welland  River  drainage  basin.  The  Welland  River 
basin  extends  some  70  kilometres  westward  from  the 


Niagara  River  to  its  headwaters  in  the  agricultural  area 
soudi  of  Hamilton.  This  Niagara- Wei  land  drainage 
basin  is  predominantly  agricultural  in  nature;  a  few 
urban  centres  are  found  in  the  area,  notably  the  cities 
of  Welland  and  Niagara  Falls  (Ont.)  and  the  urban 
areas  of  the  Towns  of  Fort  Erie  and  Niagara-on-the- 
Lake.  These  centres  are  primarily  residential,  with  a 
limited  number  of  secondary  industries. 


At  the  head  of  the  upper  Niagara  River  (Figure 
2.2).  the  flow  is  divided.  Since  the  water  flows  very 
swiftly  down  the  uppermost  section  between  Fort  Erie 
and  Buffalo,  the  Black  Rock  Canal  was  built  along  the 
U.S.  shore.  This  canal  lies  between  Squaw  Island 
(U.S.)  and  the  New  York  Slate  mainland.  The  cana! 
extends  upriver  into  Lake  Erie  towards  Buffalo  Har- 
bour and  downstream  from  Squaw  Island  towards 
Tonawanda.  Water  Levels  in  the  Black  Rock  Canal 
are  maintained  by  a  set  of  locks  beneath  the  interna- 
tional Raih-oad  Bridge.  The  west  bank  of  the  canal  is 
formed  by  the  mass  of  Squaw  Island  extended  by  a 
concrete  reinforced  seawall  which  separates  the  canal 
from  the  river  itself.  The  Canal  was  built  to  allow 
small  cargo  vessels  to  navigate  this  portion  of  the 
river,  access  docks  on  the  New  York  side  in 
Tonawanda,  North  Tonawanda  and  Niagara  Falls  and 
feed  into  the  Erie  Barge  Canal  in  Tonawanda.  Two 
bridges  cross  this  section  of  the  river.  The  Peace 
Bridge  between  Fort  Erie  and  Buffalo  permits  road 
and  pedestrian  traffic  between  the  countries.  The 
International  Bridge  further  downstream  between  Fort 
Erie  and  the  north  end  of  Buffalo  via  Squaw  Island 
allows  rail  traffic  across  the  river. 


Below  the  fast-flowing  section,  a  number  of 
islands  separate  the  river's  flow.  At  a  distance  of  8 
kilomcu-es  (5  miles)  downstream  from  Lake  Erie, 
sand-based  Strawberry  Island  (U.S.)  divides  the  upper 
river  into  two  channels:  the  Chippawa  Channel  to  the 
west  and  the  Tonawanda  Channel  to  the  east  The 
channels  are  further  separated  by  Grand  Island  (U.S.), 
the  largest  island  in  the  Niagara  River,  which  lies 
immediately  downstream  of  Strawberry  Island.  Two 
bridges  span  the  Tonawanda  Channel  from  the  U.S. 
mainland  to  Grand  Island.  The  bridge  to  the  north 
crosses  to  Niagara  Falls  (N.Y.);  the  one  to  the  south 
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Figure  2. 1    The  Niagara  River  and  Its  Tributaries 
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Figure  22     Upper  Niagara  River 
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Robert  Moses 
Resflrvoir 


Figure  2.3     Niagara  River  -  Niagara  Faiis 
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links  Grand  Island  to  Tonawanda.  Boih  bridges  are 
part  of  U.S.  Interstate  190.  The  Canada/U.S.  border 
passes  to  the  west  of  Grand  Island  in  the  Chippawa 
Channel.  The  18  kilometre  (1 1  mile)  long  Chippawa 
Channel,  carrying  about  57%  of  the  flow,  is  a 
transborder  waterway;  the  24  kilometre  (15  mile)  long 
Tonawanda  Channel,  which  carries  the  remaining  43% 
of  the  upper  river  flow,  is  completely  in  U.S.  territory. 


At  the  northwest  comer  of  Grand  Island  (Figure 
2.3),  the  Chippawa  Channel  is  further  divided  into  the 
Chippawa  and  Emerald  (West)  Channels  by  Navy 
Island  (Can.).  The  international  border  passes  down 
the  Emerald  Channel  between  Navy  Island  and  Grand 
Island.  Beyond  (north)  Grand  and  Navy  Islands,  the 
three  channels  recombine  in  a  widening  of  the  Niagara 
River  known  as  the  Chippawa-Grass  Island  Pool.  This 
pool  is  a  source  of  water  for  hydro-electric  power 
generation.  Water  is  diverted  from  the  pool  to  gener- 
ating stations  at  Lewiston  (N.Y.)  and  Queension  (Ont.) 
as  permitted  by  the  1950  Niagara  Diversion  Treaty. 
Between  the  control  structure  at  the  downstream  end 
of  the  Chippawa-Grass  Island  Pool  and  the  falls  at 
Niagara  Falls,  a  1.5  kilometre  (1  mile)  reach  of  the 
river  known  as  the  Niagara  Rapids  provides  a  spec- 
tacular Whitewater  section  with  many  rock  ledge  out- 
crops. 


At  the  brink  of  the  Niagara  Falls,  Goat  Island 
(U.S.)  divides  the  falls  into  two  parts:  the  principal 
Horseshoe  Falls  between  Goat  Island  and  the  Cana- 
dian mainland  and  the  smaller  American  Falls  be- 
tween Goat  Island  and  the  U.S.  mainland. 


Downstream  from  Niagara  Falls,  the  lower  Nia- 
gara River  (Figure  2.3)  flows  through  a  50  metre  (160 
foot)  deep  gorge.  The  gorge  extends  some  12  kilome- 
tres to  the  Niagara  Escarpment  at  Queenston.  This 
Niagara  Gorge  area  is  virtually  inaccessible  except  for 
a  few  Ontario  Hydro  access  points,  commercial  (tour- 
ist) access  points  and  oUier  trails  created  by  enterpris- 
ing fishemien.  At  the  base  of  the  Niagara  Falls,  the 
water  plunges  into  a  one  kilometre  long,  deep  river 
section  known  as  the  Maid-of-lhe-Mist  Pool,  which 
lies  between  the  falls  and  the  Rainbow  Bridge.  The 
Rainbow  Bridge  spans  the  Niagara  Gorge  over  the 


Maid-of-the-Mist  Pool.  This  bridge  provides  vehicu- 
lar and  pedestrian  traffic  between  Niagara  Falls,  On- 
tario and  Niagara  Falls,  New  York. 


Downstream  from  the  Maid-of-the-Mist  Pool, 
the  river  enters  a  fierce  Whitewater  section  known  as 
the  Whirlpool  Rapids.  The  Whirlpool  Rapids  presents 
some  four  kilometres  of  3  to  5  metre  standing  waves. 
This  set  of  rapids  ends  at  a  sharp  dogleg  in  the  Niagara 
River  known  as  the  Whiripool.  The  Whirlpool  is  a 
deep  decreasing  concentric  whiripool  in  the  main- 
stream of  the  river.  Immediately  downstream  from 
the  Whiripool  lies  another  set  of  Whitewater  rapids 
known  as  the  Devil's  Hole  Rapids.  This  set  of  rapids, 
with  shorter  and  choppier  waves  than  the  Whirlpool 
Rapids,  is  still  not  navigable.  They  extend  some  4 
kilometres  downstream  through  the  Niagara  River 
Gorge  to  the  bend  at  Bloody  Run  Creek  where  it 
recombines  with  the  discharges  of  the  hydro-electric 
plants  at  Queenston  and  Lewiston.  A  drop  in  the  river 
of  23  metres  (75  feel)  occurs  over  the  length  of  the 
Whirlpool  R^ids  and  the  Devil's  Hole  Rapids. 


At  Queenston,  where  the  river  exits  the  Niagara 
Gorge  (Figure  2.4),  the  recombined  flow  of  the  Nia- 
gara River  is  still  very  turbulent.  The  underiying  rock 
formations  crop  out  at  this  point  in  the  east-west  lying 
Niagara  Escarpment.  The  water  flows  rapidly  north- 
wards from  this  point  some  10  kilometres  where  it 
discharges  into  Lake  Ontario.  The  portion  of  the 
lower  river  from  Lake  Ontario  to  Queension  is  exten- 
sively used  for  fishing  and  boating.  Most  of  the 
riverbank  north  of  the  escarpment  is  parkland;  shore- 
line access  along  this  portion  is  largely  unrestricted. 


The  focal  point  of  the  Area  of  Concern  is  the 
mouth  of  the  Niagara  River  between  Niagara-on-the- 
Lake,  Ontario  and  Youngstown,  New  York.  Water 
passing  this  point  accounts  for  83%  of  the  total  tribu- 
tary flow  to  Lake  Ontario. 
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Figure  2.4     Lower  Niagara  River 
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2.2  Development  along  the 
Niagara  River 


In  the  early  1900's,  a  highly  indusuialized  area 
was  created  along  the  banks  of  the  Niagara  River, 
particularly  on  the  U.S.  side.  This  development  in- 
volved steel,  petrochemical  and  chemical  manufac- 
turing complexes  which  located  on  the  Niagara  Fron- 
tier as  a  result  of  readily  available  cheap  electrical 
power  and  vast  quantities  of  water  for  use  in  industrial 
processes.  Cheap  sources  of  power  became  available 
at  that  time  because  the  hydro-electric  generation 
potential  of  the  hydraulic  head  at  Niagara  Falls  was 
exploited  by  power  authorities  in  Ontario  and  New 
York  State. 


Treaties  were  signed  in  1909  and  1950  which 
provided  for  the  diversion  of  waters  around  Niagara 
Falls.  The  1950  Niagara  River  Treaty  was  signed  to 
preserve  the  scenic  spectacle  by  providing  a  guaran- 
teed flow  over  the  Niagara  Falls  and  to  make  more 
efficient  use  of  the  river  for  power  generation  pur- 
poses. As  a  result,  Ontario  Hydro  and  the  New  York 
Power  Authority  constructed  a  control  structure  at  the 
lower  end  of  the  Chippawa-Grass  Island  Pool.  The 
structure  consists  of  eighteen  gates  extending  from  the 
Canadian  shore  about  half  way  across  the  river  and 
into  U.S.  territory,  terminating  at  Tower  Island.  The 
structure  is  operated  by  the  two  power  entities  under 
the  direction  of  the  International  Joint  Commission's 
International  Niagara  Board  of  Control. 


The  majority  of  the  flow  in  the  Niagara  River,  a 
long  term  average  of  5810  mVs"°,  (Figure  2.5)  is  now 
diverted  for  use  by  the  power  authorities.  The  1950 
Treaty  requires  that  a  minimum  flow  of  2.832  mVs 
(100.000  cfs)  be  maintained  over  the  falls  during  the 
daylight  hours  of  the  tourist  season  from  May  through 
October.  At  all  other  limes,  the  flow  over  the  falls 
must  be  at  least  1 ,4 1 5  mVs  (50,000  cfs).  Operation  of 
the  control  structure  permits  a  relatively  quick  shift 
between  daytime  and  nighttime  operation.  The  struc- 
ture also  creates  an  in-stream  storage  reservoir  in  the 
Chippawa-Grass  Island  Pool.  Current  procedures  call 
for  the  water  level  in  the  pool  to  be  maintained  as  close 


as  practical  to  its  long-term  average  elevation.  Opera- 
tion is  permitted  over  the  range  of  +/-  0.46  m  from  the 
long-term  mean  pool  elevation  of  170.99  m.  Fluctua- 
tions in  the  water  levels  and  velocities  in  the  Chippawa, 
Emerald  (WesO  and  Tonawanda  channels  extend  as 
far  upstream  as  Strawberry  Island. 


On  the  Ontario  side,  there  are  five  hydro-elec- 
tric plants,  four  of  which  continue  to  use  the  share  of 
diverted  water  allocated  to  Canada.  Three  older  fa- 
cilities: Canadian  Niagara,  Toronto  Power  and  On- 
tario Power  (known  as  the  Cascade  Plants),  are  siuj- 
ated  around  the  brink  and  at  the  base  of  the  Horseshoe 
Falls.  The  Toronto  Power  Plant  was  retired  in  the 
1970's.  The  two  plants  remaining  in  operation  are 
now  used  if  flow  available  for  power  generation  ex- 
ceeds about  4700  mVs  and  have  the  capability  to  pass 
520  mVs.  The  major  power  plants  on  the  Canadian 
side  are  Ontario  Hydro's  Sir  Adam  Beck  Generating 
Stations  I  and  II  at  Queenston  with  a  combined  capac- 
ity of  2500  mVs. 


Water  is  directed  to  the  cascade  plants  by  a 
series  of  submerged  channels  and  seawalls  along  the 
Canadian  shore.  It  is  also  transported  from  the 
Chippawa-Giass  Island  Pool  to  the  Sir  Adam  Beck 
stations  via  two  aqueducts  beneath  the  City  of  Niagara 
Falls,  Ontario  and  via  the  Queenston-Chippawa  Power 
Canal.  Total  Canadian  diversion  capability  is  2,350 
mVs  (84,000  cfs).  Total  U.S.  diversion  capability  (to 
the  Robert  Moses  and  Lewiston  Hydro-electric  gener- 
ating stations)  is  3,115  mVs  (1 10.000  cfs). 


The  Queenston-Chippawa  Power  Canal  flows 
northward  from  the  Welland  River  at  a  point  6  kilome- 
tres west  of  the  junction  with  the  Niagara  River.  The 
entire  flow  of  the  Welland  River  is  also  diverted  at  this 
point  through  the  Power  Canal  and  discharges  to  the 
Lower  Niagara  River  via  the  tailraces  of  the  power 
plants  at  Queenston.  The  operation  of  the  Poww 
Canal  and  the  Control  Structure  cause  the  section  of 
the  Welland  River  between  Chippawa  and  the  Queen 
Elizabeth  Way  (locally  known  as  Chippawa  Creek)  to 
flow  westward  (upstream)  as  water  is  divened  from 
the  Niagara  River  to  the  Power  Canal.  Water  is  also 
stored  in  a  large  artificial  reservoir  adjacent  to  the  Sir 
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Figure  2.5    Water  Flow  Distribution 
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Adam  Beck  plants  at  Oueenston  for  ready  use  when 
additional  power  is  needed  or  when  the  diversion  of 
water  must  be  reduced  to  ensure  guaranteed  flow  over 
the  Falls.  Discharge  from  the  turbine  tailraces  of  the 
Sir  Adam  Beck  stations  back  to  the  Niagara  River 
occurs  immediately  upstream  of  the  Oueenston- 
Lewiston  Bridge.  On  the  U.S.  side  of  the  river,  the 
New  York  Power  Authority  operates  a  diversion  from 
the  river  to  the  Robert  Moses  Station,  the  Lewision 
Pumping  Generating  Station  and  the  Robert  Moses 
Reservoir. 


The  Grass  Island  Pool  upstream  from  the  falls 
provides  very  limited  storage.  During  periods  of  low 
energy  demand,  some  water  in  excess  of  that  neces- 
sary for  flow  maintenance  over  the  falls  and  for  diver- 
sion for  power  generation  and  storage  can  be  stored  in 
the  Chi ppawa -Grass  Island  Pool.  However,  most  flow 
in  excess  of  diversion  flow  (ie.  to  generation  facilities 
in  New  York  State  and  Ontario)  passes  over  the  Falls. 
During  daylight  hours  of  high  power  demand,  the 
stored  supply  is  converted  to  hydro-electric  power  by 
release  through  the  penstocks  and  turbines  at  the 
Oueenston  and  Lewiston  plants.  Diversion  flows  are 
reduced  when  required  to  maintain  minimum  flows 
over  the  Falls. 


The  Niagara  River,  while  providing  a  connect- 
ing channel  between  Lakes  Erie  and  Ontario,  also 
presents  a  physically  insurmountable  barrier  to  navi- 
gation between  these  lower  two  Great  Lakes.  Conse- 
quently, a  canal  and  series  of  locks  were  constructed 
around  the  Niagara  Falls.  The  Welland  Ship  Canal, 
between  Port  Weller  on  Lake  Ontario  and  Port 
Colborne  on  Lake  Erie,  is  the  fourth  and  current  route 
by-passing  the  Niagara  River  and  represents  a  second 
interconnectmg  channel  between  Lakes  Erie  and  On- 
tario. It  is  used  by  both  recreational  and  commercial 
vessels  including  ocean-going  ships.  Operation  of  the 
canal  (by  the  St.  Lawrence  Seaway  Authority)  occurs 
predominantly  during  the  Great  Lakes  navigation  sea- 
son {April  to  December). 


2.3  Watershed 
Characteristics 


The  Niagara  River  carries  an  annual  average 
flow  of  5,700  cubic  metres  per  second  from  Lake  Erie 
to  Lake  Ontario.  The  vast  majority  of  the  flow  comes 
from  the  basins  of  the  four  Great  Lakes  upstream  of 
the  Niagara  River;  the  Niagara-Welland  basin  con- 
tributes less  than  0.1%  of  the  total  flow. 


In  itself,  the  Niagara  River  has  a  relatively  small 
drainage  basin  on  the  Canadian  side.  This  basin, 
between  Fort  Erie  and  Chippawa.  extends  inland  up  to 
10  kilometres.  This  is  an  undeveloped  area  drained  by 
several  small  creeks  which  discharge  along  the  length 
of  the  Chippawa  Channel  of  the  Niagara  River.  The 
drainage  area  on  the  west  side  of  the  Niagara  between 
Chippawa  and  Niagara-on-the-Lake  comprises  a  nar- 
row strip  of  land  extending  generally  less  than  one 
kilometre  inland.  The  central  portion  of  the  drainage 
basin  consists  of  the  Welland  River  Basin,  which 
covers  a  drainage  area  of  about  1050  square  kilome- 
tres. The  agricultural  nature  of  this  basin  predomi- 
nates, with  the  City  of  Welland  being  the  largest  urban 
centre  in  the  basin.  The  river  flows  eastward  on  a  very 
low  gradient  from  headwaters  located  south  of  the 
City  of  Hamilton. 


The  terrain  above  the  escarpment  is  generally 
flat  and  dominated  by  the  laminated  glaciolacustrine 
clay  overburden  of  the  Haldimand  Clay  Plain  which 
overlays  Halton  Clay  Till.  This  tight  laminated  layer 
generally  exceeds  25  metres  in  thickness  and  exhibits 
an  extremely  low  water  permeability  of  10  ■  to  10"  m/s. 
The  upper  5  metres  is  generally  highly  weathered  and 
has  much  higher  permeabilities.  The  overburden 
overlies  dolomitic  bedrock  of  the  Guelph-Lockport 
formation. 


The  portion  of  the  basin  north  of  the  Escarpment 
has  a  lacustrine  silt  and  clay  overburden  generally  up 
to  30  metres  thick,  which  overlies  a  fine-grained  sand 
stratum  immediately  over  bedrock.  This  bedrock  is 
red  shale  of  the  Oueenston  Formation  in  the  northern 
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section  and  sandstones  and  doloslones  in  the  portion 
immediately  below  the  escarpment.  The  clay  units 
here  are  relatively  tight  with  a  hydraulic  conductivity 
of  1 0*  m/s;  that  of  the  shale  bedrock  is  typically  1  ft-  m/s. 


The  topography  and  Ihe  high  clay  composition  of 
the  soils  in  both  basins  result  in  a  very  slow  ground 
water  movement,  with  some  increase  in  flow  rate  in 
the  shallow  weathered  zones.  Ground  water  recharge 
and  base  flow  in  these  basins  is  therefore  not  a  large 
contributor  to  surface  flows  on  a  volumetric  basis. 
The  nature  of  the  soils  promotes  surface  runoff  rather 
than  infiltration  during  precipitation  events.  Within  the 
Welland  River  basin,  agricultural  activities,  in  the  pres- 
ence of  fine-grained,  low  permeability  surface  materi- 
als, contributes  surface  runoff  that  adds  to  river  water 
degradation  through  both  contaminant  migration  and 
erosion.  This  runoff  carries  with  it  suspended  fine  clay 
particles;  hence,  the  waters  of  the  Welland  River  ap- 
pear murky  most  of  the  time  due  to  these  suspended 
materials.  TTie  same  effect  is  noticed  to  a  lesser  extent 
in  the  Niagara  River  during  spring  runoff. 


The  fast-flowing  waters  of  the  Niagara  provide 
hltle  in  the  way  of  depositional  areas.  Along  its  length, 
only  a  handful  of  backwaters  create  areas  for  sedimen- 
tation. The  bottom  of  the  Niagara  River,  particularly  in 
mid-channel,  is  generally  scoured  clean.  Materials  sus- 
pended in  the  water  column  of  the  river  are  deposited 
outside  the  river  mouth  in  Lake  Ontario  where  a  bar  of 
predominantly  sandy  material  (the  Niagara  River  Bar) 
is  an  extensive  feature. 


2.4  Ground  Water 
Movement 


Under  natural  conditions,  ground  water  flows 
from  areas  with  high  water  levels  to  areas  with  low 
water  levels.  When  the  water  in  a  well  is  lowered,  the 
hydraulic  potential  is  changed.  The  water  level  is 
lowered  locally  and  water  from  the  surrounding  water 
bearing  zone  flows  towards  the  well.  This  action  is 
known  as  drawdown. 


Three  types  of  grond  water  zones  are  commonly 
referred  to  in  the  discussion  of  hydrogeology:  aquifers, 
aquitards  and  aquicludes,  based  on  their  ability  to  yield 
water.  Aquifers  yield  watenn  usable  quantities'.  Those 
layers  which  are  sufficiently  permeable  to  permit  verti- 
cal water  movement  lo  or  from  Ihe  aquifer,  but  not 
horizontal  movement,  are  known  as  aquitards.  Layers 
through  which  virtually  no  water  moves  are  called 
aquicludes. 


Previous  investigations  of  the  ground  water  re- 
sources of  the  Niagara  Peninsula'-  have  lead  to  the 
conclusion  that  ground  water  divides  generally  coin- 
cide with  the  surface  water  divides.  A  second  conclu- 
sion is  that  ground  water  movement  is  toward  ground 
water  discharge  areas  which  usually  are 
topographically  low  areas  (for  example,  in  the  shallow 
ground  water  system,  regional  ground  water  discharge 
is  10  Lake  Ontario  in  the  north;  Lake  Erie  in  the  south; 
and  the  Welland  and  Niagara  Rivers  in  the  central  and 
eastern  parts  of  the  study  area,  respectively). 

Detailed  studies'"  indicate  that  the  water  table 
fluctuates  over  the  weathered/fractured  upper  2-3 
metres  of  the  glaciolacustrine  sills  and  clays  compris- 
ing the  overburden  aquitard.  Consequently,  precipita- 
tion causes  an  immediate  response  or  flow  in  this 
shallow  zone  when  the  weathered  fractures  quickly 
flll  with  water.  After  the  weathered  overburden  is 
filled,  a  large  portion  of  the  remainder  of  Ihe  precipita- 
tion becomes  surface  runoff.  A  small  portion  of  the 
remainder  penetrates  to  depth  to  recharge  the  ground 
water  system.  During  periods  of  no  precipitation,  the 
water  table  dropsjust  below  the  level  of  surface  swales. 
This  results  in  the  stoppage  of  surface  water  recharge 
and  promotes  deep  ground  water  flow  from  the  water 
table  through  the  overburden  aquitard  into  the  bedrock 
aquifer. 


Hydraulic  head  information  within  the  bedrock 
aquitard  is  limited.  Deep  boreholes  have  been  drilled 
by  Ontario  Hydro  and  Environment  Canada  to  estab- 
lish a  geological  and  hydrogeological  data  base  on  the 
Canadian  side  of  the  Niagara  River  in  the  vicinity  of 
the  Niagara  Gorge.  These  data  indicate-'  that  very  high 
hydraulic  heads  occur  at  the  base  of  the  Lockport 
Formation. 
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Hydraulic  heads  measured  below  the  Lockpon 
Formation  are  higher  than  the  ground  level  due  to 
confined  water  pressure  in  these  formations.  These 
extreme  pressures  would  prevent  vertical  ground  wa- 
ter movement  downward  from  the  shallow  ground 
water  system.  Ontario  Hydro-"  determined  that  large 
vertical  gradients  occur  in  the  deep  formations  across 
the  less  permeable  horizons  such  as  the  Rochester 
Formation.  This  indicates  a  strong  ptitential  for  down- 
ward movement  of  ground  water  below  the  Clinton 
Group  (see  table  2.2). 


The  influence  of  the  Niagara  Escarpment  on  the 
deeper  hydraulic  heads  in  the  gorge  and  escarpment 
areas  is  not  clear.  Both  areas  may  be  influenced  by 
dewatering  effects  close  to  the  scarp  face.  Funher 
studies  are  required  to  determine  the  hydraulic  head 
distribution  below  the  bedrock  aquifer  in  the  areas 
away  from  the  influence  of  the  gorge  or  escarpment. 


Ground  water  movement  in  the  Niagara  area  is 
generally  slow  and  deliberate.  Although  surface  con- 
tamination may  be  taken  to  depth,  this  is  an  unlikely 
occurrence  due  to  both  the  nature  of  ground  water 
movement  and  the  scarcity  of  contaminant  sources  in 
the  area.  The  potential  for  contamination  of  deeper 
ground  water  systems  is  dependent  on  a  number  of 
factors:  the  nature  of  the  source,  the  thickness  and 
permeability  of  the  confining  units,  prevailing  hydrolic 
gradients  and  the  presence  of  fractures  in  otherwise 
impermeable  units.  Although  feedlot  and  landfill 
sources  may  create  localized  ground  water  problems, 
the  low  permeability  nature  of  the  rock  and  soils  in  the 
Canadian  Area  of  Concern  sufficiently  confine  con- 
taminant migration  so  that  ground  water  problems  are 
not  widespread. 


The  hydrogeology  of  the  area  protects  the  ground 
water  resource;  however,  this  results  in  heightened 
inputs  to  the  surface  waters. 


2.4.1  Hydrogeology 


Hydrogeology  is  the  study  of  ground  water  with 
emphasis  on  its  chemistry,  movement  and  relation  to 
the  geographic  environment'.  With  the  increasing 
demand  for  water  by  society,  ground  water  continues 
to  be  an  important  resource.  This  is  particularly  true  in 
areas  where  surface  water  supplies  are  not  readily 
available.  The  Niagara  Peninsula  is  surrounded  by  an 
abundance  of  surface  waters  which  supply  a  consider- 
able portion  of  the  water  used  in  the  area.  However, 
some  people,  particularly  those  in  rural  areas  located 
inland  in  the  peninsula,  rely  on  ground  water  as  a 
source  of  potable  water  or  for  livestock  use. 


The  ground  water  resources  of  the  Niagara  Pe- 
ninsula are  based  mainly  in  a  geologic  formation 
known  as  the  Guelph  aquifer.  In  order  to  understand 
the  limitations  of  ground  water  resources  in  general 
and  this  aquifer  in  particular,  it  is  necessary  to  under- 
stand a  few  of  the  basics  of  hydrogeology. 


The  term  ground  water  is  usually  reserved  for 
the  subsurface  water  that  occurs  beneath  the  water 
table  in  soils  and  geologic  formations  that  are  fully 
saturated.  Ground  water  is  more  than  a  resource.  It  is 
an  important  feature  of  the  natural  environment,  if 
polluted,  it  can  lead  to  environmental  problems;  alter- 
natively, it  may  in  some  cases  offer  a  medium  for 
environmental  solutions'". 


2.4.2  Hydrogeologic  Units 


Geologic  land  masses  are  clustered  together  into 
horizontal  units  which  have  a  similar  capacity  to 
transmit  water.  The  generalized  hydrostratigraphy  of 
the  Niagara-Welland  basm  is  presented  in  Table  2. 1 . 
The  landmass  in  (his  basin  is  generally  composed  of 
clay  or  clay-till  soils  overlying  limestone  bedrock.  The 
soils  are  collectively  referred  to  as  overburden. 
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TABLE  2.1 


Hydrostratigraphy  of  the 
Niagara  Peninsula 

Hydrostratigraphic 
Unit 

Geological  Units 

Overburden  Aquifer 

Post-glacial  deposits 

St.  Davids  Gorge 
deposits 

Fonthill  Kame  complex 

Overburden  Aquitard 

Upper  glaciolacusirine 

Halton  Till 

Lower  glaciolacustnne 

Lower  till  complex 

Bedrock  Aquifer 

Basal  granular  deposits 

Weathered  bedrock 

Bedrock  Aquitard 

Unweathered  and 
weathered  bedrock 

The  hydraulic  conductivities  of  the  geologic 
units  in  the  area  are  listed  in  Table  2.2. 


2.4.2.1  Overburden  Aquifer 


Where  overburden  aquifers  exist  within  the  Nia- 
gara-Welland  basin,  the  aquifer  is  generally  located 
within  near-surface  granular  deposits.  Such  deposits 
are  found  at  Niagara  Falls,  and  to  the  east  of  Welland. 
Other  deposits  are  located  in  close  proximity  to  the 
basin  at  Fonthill  and  St.  Davids.  These  are  the  only 
significant  areas  of  overburden  deposits  m  the  Niagara 
Peninsula  that  are  used  as  sources  of  water  supply. 


Hydraulic  conductivities  of  the  sands  and  gravels  are 
typified  by  the  Fonthill  and  St.  Davids  deposits  and  are 
generally  in  the  order  of  lO"*  m/s  (Table  2.2). 


2.4.2.2  Overburden  Aquitard 


The  surface  soils  over  much  of  the  Area  of 
Concern  consist  of  glaciolacustrine  clays  and  tills 
which  act  as  an  aquitard.  The  reported  hydraulic 
conductivities  of  these  soils  are  less  than  10'  m/s. 
Where  these  materials  are  weathered,  they  contain 
numerous  interconnected  fractures  that  can  transmit 
very  small  amounts  of  ground  water.  A  number  of 
studies  conducted  on  sill  and  clay  materials''^'"'  con- 
firm thai  weathering  is  generally  a  surface  feature,  the 
extent  of  weathering  and  frequency  of  fractures  de- 
creasing with  depth.  The  hydraulically  active  part  of 
the  weathered  zone  has  been  estimated  to  extend  to  a 
maximum  depth  of  about  5  m  with  the  average,  for  the 
most  part,  being  2  to  3  m  deep'". 


Where  weathering  has  not  occurred,  hydraulic 
conductivities  of  less  than  IC  m/s  have  been  meas- 
ured (Table  2.2).  Below  the  weathered  zone,  ground 
water  movement  is  dominated  by  the  porosity  of  the 
materials.  A  number  of  tests  have  shown  that  the  total 
or  bulk  porosity  of  the  materials  tends  to  be  the  same 
as  the  intergranular  porosity'-^'"". 


In  areas  of  sandy  silt  till  higher  hydraulic  con- 
ductivity rates  are  found'"  (Table  2.2).  These  higher 
permeabilities  have  been  attributed  to  sand  and  gravel 
layers  reported  to  be  present  In  the  till  at  some  loca- 
tions'-. 


2.4.2.3  Bedrock  Aquifer 


The  bedrock  generally  consists  of  dolomitic 
limestone  of  the  Lockport  formation  above  (south  of) 
the  escarpment  and  Oueenston  Shale  below  (north  oO 
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TABLE  2.2 


Hydraulic  Conductivity  of  the  Geologic  Units  in  the  Niagara  Peninsula        | 

Geologic  Unit 

Hydraulic 
Conductivity  Range 
(m/s)  ••• 

#of 

Tests 

•• 

Hy  drostratigra  phic 
ClasslTication 

Remarks 

Near-Surface  Granular                                                                                                                      | 

Gravel 

1  X  10-5 

1 

Overburden  Aquifer 

Found  at  Fonthill 

Sand 

2  X  10-5  to  2  X  10-4 

2 

Overburden  Aquifer 

Found  in  St.David's  Gorge 

Upper  Glaciolacustrine                                                                                                                               | 

sat 

2  X  10-9  to  3  X  10-6 

11 

Overburden  Aquitard 

Higher  Values  from  Sandier 

Materials 

Silt  Clay 

2x10-10  to  7x10-7 

10 

Overburden  Aquitard 

Clay 
(weathered) 

2  X  10-9  to  7  X  10-7 

37 

Includes  Fractured  Clay 

Clay 
(unweathered) 

5x10-11  to  1x10-9 

57 

SiltTiU 
(Halton) 

1x10-10  to  7x10-5 

40 

Higher  Values  from 
Sandy/granular  Wentworth  Till 

Shallow  Bedrock                                                                                                                                         | 

Onondaga 

No  Data 

0 

Bedrock  Aquifer 

No  data  Available  for  this 
formation 

Bois  Blanc 

6  x  10-7  to  1  X  10-6  • 

3 

Bedrock  Aquifer 

Bertie 

9  X  10-8  to  2  X  10-6  • 

18 

Salina 

Ix  10-5  to  6  X  10-4* 

2 

Guelph 

3x  10-11  to  Ix  10-5* 

45 

Lockport 

5  X  10-9  to  4  X  10-3  * 

52 

Dolustone 

Deep  Bedrock                                                                                                                                              | 

Clinton  Grp. 

4x10-11  to  5x10-6 

88 

Bedrock  Aquitard 

Higher  values  from 
Irondequoit/Decew  Formations 

Clataract  Grp. 

7x10-12  to  2x10-7 

31 

Bedrock  Aquitard 

Higher  values  from  Whirlpool 
Formation 

Queenston 

6x10-12  to  1x10-8 

31 

Bedrock  Aquiclude 

Does  not  include  weathered 
Queenston  Formation  to  the 
north  of  the  Niagara  Escarpment 

NOTRS: 

•  -  weathered  bedrock  is  cenerallv  more  nemiftahtp  than  thp.  imHprlvino  hfAmrir                 1 

*•  -  slug  tests,  constant  h 
•**  -  data  sources:  MOE 

ead  tes 
.OWM 

ts  and  pump  tests 
CEnv.Cda.andOnt-K 

ydro. 
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the  escarpment.  Both  of  these  formations  exhibit  highly 
variable  hydraulic  conductivities.  Water  moves  through 
these  rocks  primarily  via  horizontal  breaks  known  as 
bedding  planes  and  through  vertical  routes  such  as 
joints,  fractures  and  solution  cavities  (in  carbonate 
rocks). 


It  is  recognized  that  limestone  bedrock  generally 
has  higher  hydraulic  conductivities  than  underlying 
shales  (Table  1.2)-  A  large  number  of  closely  spaced 
fractures  provide  increased  permeability. 


The  uppermost  part  of  a  bedrock  formation  gen- 
erally has  a  higher  hydraulic  conductivity  than  the 
same  formation  at  depth  due  to  weathering  of  the 
bedrock  surface.  This  generality  is  supported  by  water 
well  record  data  '"^'V  These  data  indicate  that  most 
water  wells  completed  in  the  bedrock  obtain  their 
water  from  the  uppermost  part  of  that  bedrock. 


2.4.2.4  Bedrock  Aquitard 


The  underlying  shale  bedrock  formations  ex- 
hibit significantly  lower  hydraulic  conductivities  than 
the  limestone  formations  above  (about  one  to  three 
orders  of  magnitude  lower)'-. 


Hydraulic  conductivities  ranging  from  1x10" 
to  5  X  10"  m/s.  representing  the  upper  permeable 
limits,  have  been  estimated  for  the  carbonate  and 
sandstone  formations.  The  estimated  low  range  hy- 
draulic conductivities  for  the  remaining  formations 
are  generally  from  7  x  10  '•  to  1  x  10"  m/s. 


2.4.2.5  Bedrock  Aquiclude 


TTie  hydraulic  conductivity  of  the  Oueenston 
Shale  is  highly  variable,  particularly  in  the  upper 
surfaces,  and  ranges  from  6  x  10'-  to  1  x  10"  m/s. 
Table  2.2  shows  values  for  deep  boreholes  drilled  near 
the  Niagara  River,  All  but  one  of  the  measured 
hydraulic  conductivity  values  are  less  than  1  x  10  '"  m/ 
s.  Although  it  is  possible  to  obtain  a  water  supply  from 
the  upper  weathered  bedrock  surface  of  the  Oueenston 
Formation,  the  generally  low  hydraulic  conductivities 
and  significant  thickness  of  the  formation  potentially 
classifies  this  formation  as  an  aquiclude  or  barrier  to 
deep  ground  water  flow. 


2.4.3  Water  Well  Yields 


Water  well  yields  are  dependent  on  the 
hydrogeologic  properties  of  the  materials  in  which  the 
wells  are  completed.  Generally,  within  the  Niagara- 
Welland  basin,  wells  completed  in  the  bedrock  aquifer 
are  higher  yielding.  The  water  well  data  indicate  that 
some  of  the  bedrock  wells  located  in  the  basin  produce 
in  excess  of  2  L/s  (Table  2.2). 


Overburden  wells  that  are  high  yielding  are 
generally  completed  in  granular  materials  overlying, 
and  hydraulically  connected  to,  the  uppermost  bed- 
rock formation.  These  basal  granular  materials  are 
restricted  in  the  extent  of  their  occurrence  throughout 
the  Niagara-Welland  basin.  High  yielding  overbur- 
den wells  have  been  identified'-  in  the  following 
materials: 


the  basal  sands  of  the  headwaters  area  of 
the  Welland  River  basin  from  Mount  Hope 
to  Caistor  Centre. 


the  basal  sands  of  the  south-central  part  of 
the  Welland  River  basin  north  of  Dunnvi  lie. 
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ihe  kame  deposits  of  the  Fonthill  area  adja- 
cent to  the  basin  to  the  northwest  of 
Welland, 


the  valley  fill  deposits  adjacent  to  the  basin 
in  the  vicinity  of  Niagara  Falls  and  St. 
Davids. 


2.4.4  Ground  Water  Levels 


The  water  table  is  the  upper  surface  of  the 
ground  water  in  an  unconfined  aquifer.  The  water 
table  fluctuates  in  response  to  both,  the  water  infiltrat- 
ing from  the  ground  surface  through  the  unsaturated 
zone  toward  the  ground  water,  and  to  the  depletion  of 
the  aquifer.  These  water  level  fluctuations  can  be 
measured  in  water  wells. 


The  variation  in  levels  that  can  be  expected  in 
the  ground  water  of  the  Niagara-Welland  basin  is 
shown  in  the  hydrograph  of  the  bedrock  observation 
well  located  within  the  basin  at  Wainfleel  and  the 
bedrock  observation  well  located  outside  the  basin  at 
Grimsby  (Figure  2.6).  Both  wells  are  completed  into 
the  bedrock  aquifer  through  the  overburden 
aquitard.'"""""-"-'--'-"  The  data  indicate  a  cyclical 
pattern  where  maximum  ground  water  recharge  oc- 
curs in  the  spring  months  and  minimum  water  levels 
occur  in  the  late  summer/fall  corresponding  to  a  pe- 
riod of  water  table  drawdown  contributed  to  by  a 
period  of  maximum  depletion  of  infiltrating  water  by 
vegetation  and  evaporation.  Deviations  to  this  general 
pattern  occur  when  precipitation  exceeds  evaporation 
during  the  growing  season,  or  when  infiltration  does 
not  occur  because  of  frozen  ground  conditions  or  lack 
ot  precipitation. 


Flowing  wells  have  been  reported  adjacent  to 
the  basin  in  the  St.  Davids  area,  along  the  Onondaga 
Escarpment  near  Lake  Erie  and  in  the  Pelham  area 
northwest  of  Fonthill-'. 


2.5  Biological 
Characteristics 


The  fish  and  wildlife  of  an  area  depend  on  many 
factors.  Habitat  can  be  defined  as  any  area  where  fish 
and/or  wildlife  spend  part  of  their  life  cycle.  The 
habitat  available  determines  the  abundance  and  diver- 
sity of  wildlife  in  any  given  area.  The  provision  of 
diverse  and  well-mixed  habitat  types  allows  for  a 
variety  of  animals  to  obtain  food,  water  and  shelter 
from  the  elements  and  to  escape  from  predators '^ 


The  detrimental  effects  of  urban  land  uses  on 
habitat,  particularly  fish  habitat,  have  been  docu- 
mented'''. The  damage  to  fish  habitat  may  be  attrib- 
uted to  five  changes  that  occur  with  land  conversion: 
increased  erosion/sedimentation,  removal  of  vegeta- 
tion, increased  human  intrusion,  introduction  of  toxic 
material,  addition  of  nutrients  to  the  stream,  and  dis- 
ruption of  streamflow  characteristics.  Wetlands  cur- 
rently make  up  less  than  0.1%  of  land  use  in  the 
Niagara  River  and  its  tributaries  (Table  3.2). 


The  re-introduction  and  maintenance  of  vegeta- 
tive buffer  strips  along  watercourses  can  significantly 
reduce  the  effects  of  urbanization  on  water  quality. 
Buffer  strips  reduce  stream  bank  erosion,  decrease 
sediment  input,  increase  the  aesthetic  quality,  reduce 
water  temperature  variations,  provide  cover  and  food 
for  wildlife,  fish  and  insects. 


Buffer  strips  along  watercourses  provide  quality 
habitat  and  travel  corridors  for  wildlife  species  such  as 
birds,  mammals,  reptiles,  and  amphibians.  Improving 
the  water  quality  of  an  area,  partially  through  buffer 
strips,  will  help  move  towards  a  quality  environment 
for  all  species.  Future  integrated  resource  manage- 
ment has  the  jxjtential  to  provide  the  largest  positive 
effect  on  wildlife  if  the  needs  of  wildlife  are  consid- 
ered during  land  use  planning  activities. 
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Figure  2.6 

Observation  Well  Hydrographs 
Typical  of  Nlagara-Welland  Basin 
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2.5.1  The  Niagara  Fishery 


The  Niagara  River  contains  an  impressive  array 
of  fish  species  which  in  turn  generates  a  diverse  and 
enthusiastic  sport  fishery.  Adding  lo  the  diversity  in 
the  river  are  migrating  fish  runs  from  each  of  two 
Great  Lakes  giving  disdnct  identities  to  both  the  upper 
and  lower  rivers.  The  Niagara  River  watershed  also 
includes  various  tributaries  including  the  Welland 
River. 


The  fisheries  of  the  Niagara  River  watershed 
can  generally  be  divided  into  three  areas;  the  upper 
Niagara  River  and  inlet  from  Lake  Erie,  the  lower 
Niagara  River  and  mouth  into  Lake  Ontario,  and  the 
numerous  warm  water  tributaries.  The  tributaries  can 
be  subdivided  into  those  entering  the  Niagara  River 
direciJy  and  those  which  drain  into  the  Welland  River, 
which  subsequenUy  flows  into  the  Chippawa  Power 
Canal  and  ultimately  enters  the  Niagara  River  via  the 
Sir  Adam  Beck  generating  station. 


The  dominant  species,  harvest  estimates  and 
pre.ssure  estimates  discussed  in  the  following  sections 
were  determined  using  creel  data  collected  in  1983-84 
by  the  Ontario  Ministry  of  Natural  Resources". 


2.5.1.1  Fish  Distribution 


The  fish  species  historically  recorded  in  the 
watershed  are  listed  in  Table  2.3.  The  upper  and  lower 
Niagara  River  support  different  types  of  fisheries  with 
varied  community  structure.  The  upper  river  is  simi- 
lar to  Lake  Erie  with  angler  harvest  dominated  by 
smallmoulh  bass,  yellow  perch,  rock  bass,  and  rain- 
bow smelt,  when  total  numbers  of  fish  are  considered. 
If  total  weight  of  harvest  is  used  muskellunge  is  in  the 
top  four  species.  Seasonal  migrations  of  walleye 
(yellow  pickerel),  white  bass,  and  rainbow  smelt  oc- 
cur on  the  upper  river.  Moderate  runs  of  rainbow 
trout,  brown  trout,  echo  salmon,  and  Chinook  salmon 


also  occur.  An  economically  important  commercial 
baitfish  harvest,  consisting  primarily  of  emerald  shin- 
ers, exists  on  the  upper  river. 

The  lower  Niagara  River  is  considered  to  be  a 
cold  water  fishery  similar  to  Lake  Ontario  with  angler 
harvest,  by  weight,  dominated  by  rainbow  trout,  lake 
trout,  coho  salmon,  and  white  bass.  Odier  important 
angler  catches  include  yellow  perch,  freshwater  drum, 
and  rockbass.  The  lower  river  has  heavy  runs  of 
rainbow  trout  in  the  spring,  and  lake  trout,  brown 
trout,  coho  salmon,  and  chinook  salmon  in  the  fall. 
There  is  some  influx  of  fish  from  Lake  Erie  to  the 
lower  Niagara  River,  including  golden  and  palamino 
trout,  (genetic  variants  of  rainbow  trout  inuoduced 
exclusively  by  the  state  of  Pennsylvania). 


The  walleye  harvest  currcntiy  amounts  to  about 
1/3  of  1  %  of  the  total  harvest  by  number  of  fish  from 
the  Lower  Niagara  River^.  This  would  not  seem  to 
be  a  very  significant  contribution  to  the  fishery  at 
present  although  fishing  patterns  may  change  in  the 
future. 


The  species  composition  of  fish  in  the  river  is 
constantly  changing  due  to  various  factors  including 
water  quality,  loss  of  habitat,  over-harvest,  and  inu-o- 
duction  of  foreign  species.  The  grass  pickerel  and 
lake  sturgeon,  now  considered  rare  in  the  area,  were 
once  abundant  in  the  upper  rivei*'.  TTiere  have  been 
introductions  of  many  foreign  species  into  the  Great 
Lakes  Basin,  many  of  which  have  developed  into 
viable  self-sustaining  populations.  These  include  rain- 
bow trout,  rainbow  smelt,  alcwife,  goldfish,  carp, 
white  perch,  coho  salmon  and  chinook  salmon.  All 
these  species  with  the  exception  of  the  salmons  are 
self-sustaining  populations".  Though  some  natural 
reproduction  has  been  reported,  the  coho  and  chinook 
salmon  have  been  maintained  by  annual  stocking 
since  1966.  A  highly  successful  salmon  sport  fishery 
has  developed  though  restrictive  consumption  guide- 
lines exist  for  coho  and  chinook  salmon  greater  than 
55  and  65  cm,  respectively",  in  the  lower  river. 
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TABLE  2.3 


Fish  Species  of  the  Niagara  River  and  Its  Tributaries                                                                   | 

Species                            |       Scientific  Name 

Species 

ScientiHc  Name 

Sea  Lcmprcy 

Peiromvzon  mannui 

Lake  Soirgeon 

AciDcnier  (ulveioeni 

Alcwire 

AloM  Dfeudahseniui 

Gizzard  Shad 

Amiacalva 
Dorofoma  cepedLanum 

BrowD  Troui 

Silmomm 

UkeWfaiiefuh 

CofeionutcluDeaformn 

CoboSalmoo 

Oiairlivnchui  kiniich 

Ch^Ttnrii 

OtlDDdHTichus  uhawvucha 

Rainbow  Trout 

Oneetfavnchui  mvkiti 

LakeTroui 

SalvcluLui  namavcuih 

Ceoiral  Mudmnmow 

Umbfi  limn 

Smelt 

QipienJI  nK>Tl'V 

Eio»  ammcanui  venniculatu* 

Oiain  Pickerel 

Ejox  nigir 

Nortbeni  Pike 

Eiox  luciui 

Muakelhinge 

Eiox  maiouinoniv 

Amencui  Eel 

AnniiU*  mtntp 

OoUTuh 

Carailvi  pvrtait 

Carp 

Cvprinui  carpip 

Caip-Coiruh.Hybnd 

Rna  Chub 

Koccmii  imcropcpion 

Golden  Shiner 

Noiemi^onui  crYKlnr»f 

Emerald  Shiner 

Nonroii  ■iherinoidea 

Common  Sbiner 

Notrroii  chrviooqifaahii 

Common  Shiscr 

Nottwpii  corauwi 

BlarJmoae  Shinw 

Nowpij  betnvkvit 

Sponait  Shino- 

No(ropt|  tlv4WIllVf 

Spoifm  Shine)' 

Notnmii  ipUctafyi 

SandShtncT 

Nocropi*  RiarTfincvf 

Mimic  ShtDcr 

Nolnmii  votucdlyi 

Btunmoie  Mimunv 

Pimcphalej  noutui 

Fathead  Minnow 

Pimeolula  ppfn?|fi 

CraekCSuib 

Semotilui  atromacuUnii 

Loofnoae  Dace 

RiiinichihY^  cai^^fV^': 

Quill  back  Sucker 

?¥PlW(=f  fYPin"' 

WtuieSudts 

CfloilDmui  commencmi 

UUce  Chubiucker 

Erimvon  nicqu 

Nonbera  Hog  Sudwr 

Hypondiufn  nientam 

RedboneSp. 

Mojijiviin.  fp 

ShonbBwl  Redlune 

MoKuiuima  macrnleridoium 

Or««ler  Redhone 

MoKOHoma  valoiciennff  j 

Sil*0  Redhorae 

McniMDma  aninmim 

Golden  Redhone 

Moxo^ma  nrYldfiiriifn 

Black  Bullbnd 

Icahtr^i  melai 

Brown  Bullhead 

loahmit  nchulofui 

YeUowBuil&Md 

l9(alufvf  pam*. 

Cbannel  CatHih 

Ictalurvr  pun^Tfl"* 

Bniok  Silvertidc 

Ubidetlhea  liccului 

Ttoul-perch 

Peicopfii  omifcomaycvf 

Tadpole  Madum 

Nmurui  lyriput 

Stcoecai 

NflWrVf  fU»V' 

Banded  Killiftth 

Fundului  diachanus 

Thiee-fpined  Stickleback 

OMieron«u»  aculeatm 

Brook  SticklebadL 

Culaea  mconiuuii 

Whiw  Perch 

Morone  americaft^ 

White  BaH 

Morone  chvnopt 

Rock  Bui 

AmbloDlitu  rupeiip 

Pumphmeed 

Lepomii  libtrav? 

BhiegUl 

Upomu  matroc^ifv 

Smallmouih  Baai 

Micnmtenu  dnlnrjiinj 

Largemouih  Bui 

MicroDtenu  Ml(iioj(Je 

White  Cnppie 

Pomoxii  annularis 

Black  Crappie 

PomoniinlBromaculat 

Yellow  Perch 

Perca  navff <pffi| 

Walleye 

Sliawdion  vitieum 

BhtePike 

Sliiondion  vitreum  vlaucum 

Rainbow  Daner 

Elheonomi  caeruleum 

Iowa  Darter 

EUwMtwna  exile 

Johnny  Dancr 

ElheOHomannnim 

FamailDans 

Etheolloma  fiabellan 

TeifeLaied  Johnny  Daiur 

E«h«>M"»n«  nlTlfWJi 

Grvesiide  Daner 

Etheoilonia  hle^n?i4t< 

Logperch 

Perdna  caDrD<tei 

Fraihwatv  Dram 

ADlodilwlui  »nmniert 

Monled  Sculpm 

Cpwibair^i 

Kelerenccs  used:   Hamilton  1987;  E  Grossman  1989;  ANON  1989;  Lewjcs  ct  al.  1985; 
OMNR  1974;  Spoiila  el  al.  1979. 
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The  species  composition  of  angler  harvest  in  the 
tributaries  of  the  Niagara  River  was  dominated  by 
what  are  considered  "coarse"  fish.  These  species  are 
more  tolerant  lo  adverse  conditions  such  as  high  sus- 
pended sediment  and  chemical  pollutant  concentra- 
tions". 


Dominant  in  the  harvest  are  bullheads,  rock  bass 
and  crappie,  suckers,  sheephead,  carp,  and  catfish. 
The  percentage  of  cyprinids  in  the  population  is  hard 
to  accurately  slate  with  the  information  available. 
Commercial  harvest  of  baitfish  in  the  tributaries  gen- 
erally occurs  in  the  evening  when  fish  from  the  Nia- 
gara River  move  into  mouths  and  a  hardier  catch  can 
be  obtained".  Population  estimates  have  not  been 
done  in  Niagara  District  and  extensive  stream  surveys 
have  not  been  conducted  since  1972.  Several  tributar- 
ies of  the  Niagara  River  are  designated  as  having 
provincially  significant  warm  water  fisheries''. 


The  harvest  on  the  Welland  River  is  difficult  to 
determine  from  the  creel  as  the  Welland  River  results 
are  included  in  the  inland  waters  category.  The  catch 
from  gill  netting,  done  at  four  sites  on  the  Welland 
River  by  a  graduate  student  at  Brock  University,  was 
dominated  by  'coarse'  fish;  including  brown  bullhead, 
channel  catfish,  freshwater  drum,  crappies.  and  carp". 


The  effects  of  adverse  conditions  in  the  river  on 
the  distribution  of  fish  species  is  unknown.  One  can 
presume,  however,  that  when  aquatic  plants  disappear 
so  will  some  fish  species.  Work  by  researchers  at 
Brock  University*'  indicated  that  industrial  effluent 
discharge  to  the  Welland  River  caused  an  impact  zone 
where  no  aquatic  plants  survived  and  plant  diversity 
recovered  with  increasing  distance  downsu-eam  of  the 
effluent  source.  Aquatic  habitat  degradation  has  been 
linked  to  changes  in  fish  species  composition  and 
decreases  in  fish  diversity"*,  leading  to  more  'coarse' 
fish  including  bullheads,  catfish,  freshwater  drum, 
and  carp. 


2.5.1.2  Fishery  Productivity 


The  productivity  of  the  Niagara  River  has  never 
been  determined  directly  since  its  size  presents  physi- 
cal hazards  to  conducdng  such  surveys. 


The  effects  of  water  quality  degradation  on 
spawning  beds  in  the  Area  of  Concern  are  not  hkely  to 
be  ascertainable.  On  the  Niagara  River  itself  very 
little  information  exists  on  the  precise  location  or 
condition  of  spawning  beds  since  they  are  suspected  to 
be  in  locations  inaccessible  to  man  such  as  backwater 
areas  of  the  whirlpool  and  rapids  or  the  talus  around 
the  foot  of  both  falls.  Investigations  of  these  areas  are 
prohibitively  difficult  and  dangerous. 


Angler  use  of  the  Niagara  River  is  extensive. 
Estimates  of  angler  use  of  both  New  York  and  Ontario 
waters  (1976-77,  1983-84,  and  1989-90)  ranged  from 
53, OCX)  to  515,700  angler  days  per  year  with  an  annual 
harvest  between  85,000  and  2.4  million  sport  fish". 


Sport  fish  harvest  estimates  from  creel  data  of 
8.84  and  39.45  kg/ha/yr  for  the  upper  and  lower  river, 
respectively,  indicate  a  very  productive  system.  When 
baitfish  harvest  is  included  in  the  upper  river  harvest, 
the  value  increases  to  61 .27  kg/ha/yr.  Table  2.4  shows 
historical  baitfish  harvest  values.  Harvest  depends  on 
both  relationships  with  fish  populations  in  the  adja- 
cent Great  Lake  and  the  angler  effort.  The  estimated 
annual  angler  hours  on  the  upper  and  lower  river  were 
96,000  and  97,500  respectively. 


Individuals  surveyed  for  a  questionnaire  in  the 
1989  "Guide  to  Eating  Ontario  Sport  Fish"  (Table  2.5) 
ranked  the  Niagara  River  ninth  in  popularity  among 
Ontario  rivers  fished. 
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TABLE  2.4 


Niagara  Area  Commercial  Baitfish 
Harvest 

Year 

Niagara 
District 
Harvest 
(gallons) 

Niagara 

River 

Harvest 

(gallons) 

River 
Harvest 
as  %of 
Total 

1969 

9054.3 

4727.3 

52.2% 

1970 

12054.2 

10114.2 

83.9% 

1971 

19117.4 

14864.2 

77.8% 

1972 

11298.8 

5418.8 

48.0% 

1973 

106160.3 

100735.4 

94.9% 

1974 

47610.0 

24105.4 

50.6% 

1975 

84552.7 

43370.6 

51.3% 

1976 

80780.7 

62181.4 

77.0% 

1977 

60868.4 

44844.0 

73.7% 

1978 

4414.6 

2581.6 

58.5% 

1979 

4683.2 

291.1 

6^% 

1980 

11658.4 

8338.1 

71.5% 

1981 

N/A 

N/A 

N/A 

1982 

22600.2 

N/A 

N/A 

1983 

16328.1 

N/A 

N/A 

1984 

7825.8 

6827.5 

87.2% 

1985 

17065.0 

13414^ 

78.6% 

1986 

30023.0 

21376.0 

71.2% 

1987 

9633.7 

6833.0 

70.9% 

1988 

16332.4 

N/A 

N/A 

Average 

30400.0 

18501.2 

60.9% 

Individuals  surveyed  for  a  questionnaire  in  the 
1991  Guide  to  Fating  Ontario  Sport  Fish  (Table 
2.5)  ranked  the  Niagara  River  ninth  in  popularity 
among  Ontario  rivers  fished. 

In  the  Ontario  portion  of  the  Niagara  River, 
fishing  pressure  comprises  approximately  25  percent 
of  the  total  for  the  entire  Niagara  District,  which 
includes  portions  of  Lakes  Erie  and  Ontario  and  most 
of  the  inland  portion  of  the  Niagara  Peninsula*".  This 
must  be  considered  in  assessing  the  productivity  of  the 
Niagara  River  because  most  sport  fish  species  are 
migratory:  fish  produced  in  the  river  may  be  caught  in 
nearby  areas  of  Lakes  Ontario  or  Erie  or  vice-versa.  In 
fact,  for  some  species  it  may  not  be  possible  to  sepa- 
rate the  productivity  of  the  Niagara  River  from  the 
entire  lake  basins  of  Erie  and  Ontario. 


Historical  data  indicates  a  relatively  stable  cauth 
per  unit  effort  (CUE)  in  the  upper  river  (0.38  and  0.55 
in  1980  and  1983)  and  an  increasing  CUE  (0.08  and 
0.32  in  1977  and  1983)  in  the  lower  river.  The 
increasing  CUE  in  the  lower  river  may  be  due  to 
changes  in  harvest,  being  increasingly  dominated  by 
species  that  arc  only  seasonal  migrants,  spending  most 
of  their  lives  in  Lake  Ontario. 


In  1983.  the  inland  waters  of  the  Niagara  Penin- 
sula had  higher  OJEs  (0.82)  than  those  found  on  the 
Niagara  River;  however,  the  survey  did  not  distin- 
guish between  areas  in  and  out  of  the  Niagara  River 
watershed.  Twenty  percent  of  the  angler  effort  in  the 
district  occurs  on  inland  waters.  The  harvest  from 
these  waters  is  mainly  'coarse'  fish. 

The  impact  of  changes  in  the  ecosystem  upon 
species  productivity  is  hard  to  assess. 


If  reproductive  success  is  considered,  observ- 
able behaviour  of  salmonids  and  the  physiological 
changes  that  they  undergo  in  the  Niagara  River  sug- 
gests that  spawning  does  occur  but  there  does  not  seem 
to  be  much  evidence  of  spawning  success  for  most 
salmonid  species.  There  are  however  other  resident 
species  in  the  river  such  as  smallmouth  bass,  northern 
pike  and  muskellunge  which  also  must  spawn  in  or 
near  the  river.  They  do  appear  to  have  success  be- 
cause they  continue  to  persist  in  the  face  of  heavy 
fishing  pressure.  The  bass  use  gravel  areas  of  the  river 
such  as  may  occur  in  the  whirlpool  and  rapids  and 
which  do  occur  around  Navy  Island.    Muskellunge 
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TABLE  2,5 


Relative  Popularity  of  Angling  Areas  and  Fish  Species* 

Most  Frequently  Fished  Lakes  mid  Rivers. 

Most  Frequently  Caught  and 
Consumed  Sport  Fish. 

Lakb'RIver 

Relative 

Popularity 

(*) 

Species 

Relative 

Popularity 

(*) 

a)  Ten  Most  Popular  Angling  Areas 

1 .  Lake  Ontario 

19,5 

1 ,  WaUeye 

18,7 

2.  Lake  Huron/Georgian  Bay 

19.3 

2.  Smalimouih  Bus 

15,9 

3.  Lake  Enc 

13.5 

3.  Yellow  Perch 

111 

4.  Lake  Simcoe 

10.0 

4,  Northern  Pike 

11.2 

5.  Credit  River 

7.1 

5.  Largemouth  Bas,s 

9,7 

6.  Grand  River 

6.9 

6,  Rainbow  Tioui 

9.2 

7.  Trent  River 

6.5 

7.  Lake  Troui 

7.8 

S.  Lake  Scugog 

6.4 

8- Erode  Trout 

6,1 

9.  Lake  Nipiuing 

5.8 

9.  Chinodt  Salman 

4,9 

10.  Siugeen  River 

5.0 

1 0.  Coho  Salmon 

4.4 

100.0 

100.0 

b)  Inland  Lako 

1 .  Lake  Simcoe 

23.9 

2.  Lake  Scugog 

15.3 

3.  Lake  Nipitting 

13.7 

4.    Rice  Lake 

11,7 

5.    Buckhom  Lake 

9.8 

6.    Pigeon  Lake 

7.6 

7.    BaUamLake 

6.3 

8.    Sturgeon  Lake 

5.8 

9     Stony  Lake 

4.5 

10.  Qiemting  Lake 

1.4 

tOO-0 

c)  Rivers 

1.    Cre<liiRiver 

13.6 

2.    Gnnd  River 

13.3 

3     Trent  River 

12.4 

4     Siugeen  River 

9.7 

S.   Oiuwa  River 

9.5 

6.    Thames  River 

9.3 

7.    French  River 

g.6 

8.    Ginanska  River 

8,3 

9     Niagara  Rivra 

7.7 

10.  Rideau  River 

7.6 

100.0 

*  -  Dan  from  1989  survey  of  Anglers 
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spawning  areas  are  generally  found  on  the  American 
side  of  the  river  such  as  at  Strawberry  Island  and  may 
possibly  occur  also  around  Grand  Island  and  Navy 
Island.  Northern  pike  are  known  lo  come  up  the 
various  tributaries  on  the  Ontario  side  of  the  river  such 
as  Black,  Frenchmans,  Lyons  and  Tee  Creeks  and  the 
Welland  River  to  spawn.  These  may  be  affected  by 
man-made  alterations  of  the  habitat  but  specifics  are 
generally  not  very  well  known. 


There  appears  to  be  no  impairment  of  fish  and 
wildlife  habitat  in  the  Niagara  River  and  along  its 
banks  but  this  conclusion  is  difficult  to  support  with 
positive  information;  this  conclusion  is  based  mostly 
on  the  lack  of  evidence  to  the  contrary  in  this  Area  of 
Concern.  U.S.  based  information  from  the  New  York 
side  of  the  river  would  not  seem  to  support  that 
conclusion  for  the  river  as  a  whole.  Netting  work  by 
Ontario  MNR  to  collect  fish  from  the  Welland  River 
for  contaminant  analysis  showed  very  little  in  catch 
for  the  effort  expended.  This  suggests  quite  a  de- 
pressed population  for  this  major  tributary  to  the 
Niagara  River  which  may  be  attributable  lo  habitat 
degradation  or  a  number  of  other  factors. 


The  cause  of  reductions  in  a  species  is  difficult 
to  determine  and  is  probably  the  result  of  a  number  of 
factors,  which  include  stresses  imposed  due  to  loss  of 
habitat  areas  and  poor  water  quality. 


Loss  of  habitat  occurs  in  various  ways.  Shore- 
line development  and  urbanization  along  the  water 
course  generally  means  loss  of  forest  cover,  edges  and 
wetlands.  Wetlands  act  as  spawning  and  nursery  areas 
for  many  species.  Southern  Ontario  has  already  lost 
more  than  70  percent  of  its  original  weUands".  Table 
2.6  summarizes  known  spawning  and  nursery  areas 
on  the  Niagara  River.  Spawning  and  nursery  areas  on 
the  Welland  River  and  other  uibuiaries  are  very  sparse. 
In  the  spring  of  1 989,  a  pike  spawning  assessment  was 
started  in  the  Niagara  District  by  the  Ministry  of 
Natural  Resource  (MNR)".  The  spawning  areas  within 
the  watershed  can  be  seen  in  Figure  2.7.  The  informa- 
tion on  spawning  and  nursery  areas  is  incomplete  and 
additional  surveys  are  needed  to  fill  the  gaps  in  the 
current  knowledge. 


In  the  past,  during  summer  dry  periods,  low 
water  fiow  in  the  upper  Welland  River  basin  has  had 
detrimenial  effects  on  the  lower  Welland  River  and  its 
fish  population.  High  contaminant  levels  combined 
with  high  temperaliu-es  and  low  oxygen  levels  have 
probably  stressed  the  aquatic  population  and  may 
have  lowered  productivity  in  the  Welland  River  as  a 
whole. 


Water  quality  encompasses  an  enormous  number 
of  factors  including  physical,  chemical  and  biological 
elements.  Physical  alterations,  which  alter  the  natural 
temperature  regime  of  the  ecosystem,  can  affect  fish 
productivity  in  various  ways  including  altering  spawn- 
ing activities".  High  levels  of  suspended  sediment 
and  sedimentation  have  been  shown  to  decrease  pro- 
ductivity"-". 


Habitat  can  also  be  lost  through  siltation;  clog- 
ging of  gravel  beds  with  setlleable  material  means  loss 
of  spawning  areas  and  possible  smothering  of  eggs. 
The  introduction  of  foreign  species  can  aggravate  the 
problem  of  lost  habitat  and  productivity.  For  example, 
carp  are  aggressive  feeders;  they  uproot  vegetation 
and  increase  turbidity  while  foraging  in  the  sedi- 
ment'". 


The  focus  of  current  efforts  appears  to  be  mov- 
ing towards  fisheries  habitat  conservation,  restoration 
and  development  A  White  Paper  on  wedands  pohcy 
has  been  developed  by  the  Ontario  Minisnies  of  Natu- 
ral Resources  and  Municipal  Affairs  and  is  currently 
being  reviewed  by  the  public. 


2.5.1.3  Fishery  Areas 


The  fishery  of  the  Niagara  district  is  economi- 
cally important  to  the  area.  Fishermen  spend  money 
on  equipment,  food  and  accommodation.  With  the 
introduction  of  resident  fishing  licences  in  1986,  to 
complement  the  non-resident  licence,  the  revenues 
have  increased. 
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TABLE  2.6 


Species  With  Known  Spawning  and  Nursery  Areas  on  the  Niagara  River 

Species 

Loc 

Evidence 

Date 

Lake  Sturgeon 

UNR 

spawn 

(1891)  disappeared  around  1890 

Longnose  Gar 

UNR 

young 

late  1920's 

Lake  Herring 

LNR 

Adult  spawners 

1878 

Rainbow  Trout 

LNR 

Adult  spawners 

(1973) 

Atlantic  Salmon 

LNR 

Adult  spawners 

until  late  1800's 

Rainbow  Smelt 

UNR 

Adult  spawnen 

1959  first  seen  nm 

Nonhera  Pike 

UNR 

Adult  spawners 

until  1960's  in  main  river,  now  mainly  in  tributaries 
and  Black  Rock  Canal  (1978) 

LNR 

Adult  spawners 

(1977) 

Muskellunge 

UNR 

Adult  spawning 

two  major  spawning  areas  (1978) 

Carp 

UNR 

Adult  spawners 

(1929.1968) 

LNR 

Emerald  Shiner 

? 

young 

late  1920"s 

Blackchin  Shiner 

? 

Adult  spawners 

(1929) 

Blacknose  Shiner 

UNR 

Adult  spawners 

(1929) 

Spollail  Shiner 

UNR 

young 

(1979) 

White  Sucker 

UNR 

young 

(1980) 

Greater  Redhorse 

trib 

young 

(1929) 

Catosiomid  spp. 

UNR 

Adult  spawners 

(1860-1898) 

Threespine  Stickleback 

LNR 

young 

late  1920's 

Trout-Perch 

? 

young 

late  1920's 

White  Bass 

? 

young 

late  1920's 

Rock  Bass 

UNR 

Adult  spawners 

four  shoals  (1978) 

Smallmouth  Bass 

Largemoutb  Bass 

UNR 

Adult  spawners 

Strawbeny,  Motor  and  Grand  Islands  (1979) 

Bass  spp. 

UNR 

Adult  spawners 

Grand  and  Navy  Islands  and  Chippawa  Creek  (1977, 
1860-98) 

LNR 

Adult  spawners 

Queenston  (1860-98) 

Yellow  Perch 

UNR 

Adult  spawners 

(1967) 

young 

(1929) 

Walleye 

UNR 

Adult  spawners 

(1860-98) 

young 

(1929) 

UNR  -  Upper  Niagara  River 
LNR  -  Lower  Niagara  River 

-  from  Goodyear,  CD.,  TH.  Edsall.  DM.0.  Dempsey.  GJD.  Moss  and  P£.  Polanski.  1982.  AUas  of  the 
Spawning  and  Nursery  Areas  of  the  Great  Lakes  Fishes  Volume  X  -  Niagara  River,  1982,  U.S.  Fish  and 
Wildlife  Service,  FWS/OBS-82/52:  15p. 
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Figure  2.7 

Niagara  River  Area  Of  Concern  -  Spawning  Areas 


1  Black  Creek  & 
Beaver  Creek 

2  Boyere  Creek 

3  Usshers  Creek 

4  Usshers  Creek 

5  WellandRtrib 
&  Chippawa 

6  Lyons  Crtrib 
(Grassy  Brook) 

7  Lyons  Creek 

6   Welland  Canal 
Ditch 

9  WellandRtrib 

10  Belderman  Drain 

11  Forks  Creek 

12  Forks  Creek 

13  N.  Forks  Creek 

14  N.  Forks  Creek 

15  WellandRtrib 

16  WellandRtrib 

17  WellandRtrib 

18  Oswego  Crtrib 

19  Oswego  Creek 

20  WellandRtrib 

21  WellandRtrib 

22  Welland  Rtribs 

23  Welland  Rtribs 


Not  all  Inclusive,  but  what  has  been  documented  to  date 
by  observation  or  hear-say  evidence.  Likely  any  creek 
with  adequate  spring  flooding  wilt  have  pike  spawning. 

O.M.N.R.  -  Niagara  District  Office  Records  -  unpublished 
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Various  favourite  fishing  spots  are  present  in  the 
Niagara  River  watershed.  These  'hot  spots'  will 
change  with  season,  fish  abundance  and  community 
structure.  In  the  last  decade  the  numbers  of  salmonids 
in  the  lower  river  have  increased.  Fishing  pressure  at 
the  mouth  of  the  river  and  at  the  whirlpool  for  salmons 
has  paralleled  this  increase.  Contaminant  levels  in  the 
salmonids  does  not  appear  to  deter  fishermen.  The 
percentage  of  anglers  who  consume  these  fish  is  un- 
known and  may  be  worth  determining.  It  is  believed 
by  some  community  agencies  that  anglers  in  lower 
income  brackets  are  consuming  all  they  catch. 


Fishing  also  occurs  in  the  Sir  Adam  Beck  Gen- 
erating Station  Reservoir  and  forebays  on  Ontario 
Hydro  land.  The  water  level  in  the  reservoir  fluctuates 
and  can  have  an  influence  on  fishing  success. 


On  the  upper  river,  fishing  occurs  upstream  of 
the  Weiland  River  mouth.  The  shoreline  on  the 
Canadian  side  is  owned  by  the  Niagara  Parks  Com- 
mission so  there  is  continuous  access  to  the  river. 
Fishing  at  the  inlet  from  Lake  Erie  is  popular  and  there 
are  numerous  boat  launching  facilities  along  the  river. 
Care  must  be  taken  on  this  river  due  to  the  rapid 
current  and  hazard  of  the  falls.  A  map  of  "Upper 
Niagara  River  Fishing  Hot  Spots"  has  been  pubUshed 
by  the  Urban  Waterfront  Advisory  Committee  in  Buf- 
falo, New  York.  A  book,  "Fishing  in  Niagara"  has 
also  been  published**. 


Fishing  also  occurs  on  the  tributaries,  especially 
the  mouths.  The  siphons  on  the  Weiland  River  at  Port 
Robinson  and  in  the  city  of  Weiland  are  popular 
fishing  spots. 


2.5.2  Wildlife 


Wildlife  in  The  Niagara  Peninsula  have  not 
been  studied  in  depth.  Most  efforts  in  documenting 
species  and  numbers  have  come  through  the  efforts  of 
organized  groups  of  individuals. 


The  geological  nature  of  the  Niagara  Escarp- 
ment was  a  major  factor  in  its  being  declared  a  bio- 
sphere reserve  by  the  United  Nations  Educational, 
Scientific  and  Cultural  Organization  (UNESCO)  on 
April  4,  1990.  The  wildlife  of  the  Niagara  Escarp- 
ment, with  its  wide  diversity  of  birds,  mammals, 
reptiles  and  amphibians,  including  a  number  of  rare  or 
endangered  species,  was  a  contributing  factor  to  the 
UNESCO  decision. 


Although  few  members  of  the  wildlife  commu- 
nity appear  affected  by  the  water  quaUty  of  the  Nia- 
gara River,  the  entire  Niagara  area  environment  may 
play  a  part  in  its  makeup. 


2.5,2.1  Avian  Wildlife 


The  Niagara  Peninsula  has  a  wide  diversity  of 
bird  species,  with  341  species  being  identified  (Table 
2.7  located  at  the  end  of  this  chapter).  Of  these,  152 
species  breed  in  the  area.  Of  the  302  species  in  the 
peninsula,  (exclusive  of  species  considered  to  be  in 
the  area  accidentally)  123  species  of  birds  occur  on  the 
river  or  in  aquatic  habitat  closely  related  to  the  river". 
Twelve  of  the  peninsula  species  are  considered  rare, 
threatened  or  endangered  by  the  Committee  on  the 
Status  of  Endangered  Wildlife  in  Canada  (COSEWIC) 
or  the  Ontario  Ministry  of  Natiu^  Resources. 


The  Niagara  River  is  an  important  area  for  stag- 
ing and  migration  of  waterfowl.  Thirty-six  species 
have  been  recorded  in  the  peninsula  with  many  species 
using  the  area  for  winter  habitat.  The  numbers  of  birds 
in  any  area  varies  between  years  but  the  average  number 
of  birds  counted  on  the  river,  using  nine  years  of  mid- 
winter waterfowl  counLs  usually  conducted  on  the  first 
weekend  of  January  by  the  Peninsula  Field  Naturalists 
and  the  Niagara  Falls  Nature  Club  in  co-operation  with 
the  Ontario  Ministry  of  Natural  Resources  (1977-87), 
is  9,700.  Declines  in  the  population  are  hard  to  deter- 
mine, as  numbers  in  the  area  depend  partially  on 
weather  and  ice  conditions. 


I 
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TABLE    2.7 

Birds  of  the  Niagara  Peninsula                                                                                  | 

Species 

[Status 

Species 

Status 

Species 

Status 

ConuDWi     Loon 

M. 

Barrow's     CJoldeneye 

Ra. 

American   Woodcock    ' 

Artie    Loon 

A. 

Bufflehead 

A. 

Common  Snipe    * 

M. 

Red-throated      Loon 

OM. 

Oldsquaw 

WV. 

Whimbrel 

M. 

Rfid-necked     Grebe 

OM. 

Harleqin     Duck 

O.WV. 

Upland    Sandpiper    * 

Homed    Grebe 

M.WV 

Common     Eider 

Ra. 

Solitary     Sandpiper 

M. 

Western     Grebe 

A. 

King    Eider 

WV. 

Spotted    Sandpiper    * 

Eared    Grebe 

Ra.M. 

White-winged 

M.WV. 

WUlet 

Ra.M. 

Pied-billed    Grebe    * 

Surf   Scoter 

M. 

Greater     Yellowlegs 

M. 

Wilson's     Petrel 

A. 

CommCTi    Scoter 

M. 

Lesser     Yellowlegs 

M. 

While     Pelican 

A. 

Ruddy  Duck  •! 

M. 

Knot 

M. 

Brown     Pelican 

A. 

Hooded    Merganser    * 

M.WV. 

Puiple     Sandpiper 

WV. 

Gannet 

A. 

Common      Merganser 

M.WR.SV 

Pectoral      Sandpiper 

M. 

Double    Crested    Cormorani 

OM.WV. 

Red-breasted       Merganser 

M.WR.SV 

White -rumped       Sandpiper 

M. 

Great  Blue  Heron  • 

Smew 

A. 

Baird's     Sandpiper 

M. 

Green  Heron  • 

TiiTkey   Vulture   • 

SR. 

Least     Sandpiper 

M. 

Little    Blue   Heron 

A. 

Black    Vulture 

A. 

Curlew     Sandpiper 

A. 

BUck-crowned    Nighi    Heron    • 

Goshawk 

OM.WV. 

Dunlin 

M. 

YcUow-crowned     Nighi     Heroo 

Ra. 

Sharp-shinned    Hawk    *2 

M.WV. 

Short-billed      Dowilcher 

M. 

Wood    St«k 

Ra.SV. 

Gryfalcon 

V.Ra. 

Long-billed      Dowitcher 

Ra.M. 

Cattle    Egret 

Ra.SV. 

Cooper's   Hawk   *1 

M.WV. 

Still     Sandfsper 

O.M. 

Common     Egret 

sv. 

Red -tailed    Hawk   * 

PR. 

Semipalmated       Sandpiper 

M. 

Snowy    Egret 

A. 

Red-sbouldered    Hawk    * 

SR. 

Western     Sandpiper 

Ra.M. 

Least  Bittern  • 

Broad-winged     Hawk 

M. 

Buff-breasted       Sandpiper 

Ra.M. 

American   Bitlfim   • 

Rough-legged     Hawk 

WR. 

Marbled    Godwii 

Ra.M. 

Glossy    Ibis 

A. 

Golden     Eagle 

Ra.OM. 

Hudsonian     Godwii 

O.M. 

White-faced     Ibis 

A. 

Bald  Eagle  •! 

Ra.M. 

Sanderling 

M. 

Sandhill    Crane 

Ra.M. 

Northern   Harrier  • 

SR.WV. 

American     Avocet 

Ra.M. 

Tundra    Swan 

A. 

Osprey 

M. 

Red    Ptialarope 

O.M. 

Mule    Swan 

Ra. 

Peregrine     Falcon 

Ra.M. 

Wilson's      Phalarope 

O.M. 

Whistling     Swan 

M. 

Merlin 

OM. 

Red-necked      Phalarope 

Ra.M. 

Canada  Goose  * 

M.OW. 

American    Kestrel   * 

PR. 

Long-tailed      Jaeger 

Ra.M. 

Brant 

OM. 

Ruffed   Grouse    • 

PR. 

Para^lic     Jaeger 

Ra.M. 

Snow    Goose 

OM. 

Bobwhite 

Ra.PR. 

Pomaiine     Jaeger 

Ra.M. 

Blue    Goose 

OM. 

Ring-necked    Pheasant    * 

PR. 

Glaucous    Gull 

WV. 

Mallard 

PR. 

Gray    Partridge 

PR. 

Iceland    Gun 

WV. 

Black    Duck 

PR. 

Wld    Tiiilrry 

PR. 

Great    BUck-buked    GuJI    •! 

WV.SR. 

Gadwall    • 

OM.WV. 

King   Rail 

O.SR. 

Lesser    Black-barkfKl    Gull 

Ra.M. 

Pintail 

M.WV. 

Virginia  Rail  • 

Herring    Gull 

PR. 

Green-winged   Teal    *2 

M. 

YeUow    Rail 

Ra.SV. 

Thayer's    Gull 

Ra.M. 

Blue-winged    Teal    * 

Swa  • 

Califomia     GuO 

A. 

European     Widgeon 

A. 

Pinple     Gallinule 

A. 

Ring-billed   Gull   * 

PR. 

American    Widgeon    • 

M.O.SR.WV 

Common   Mooihen   * 

Mew   Gull 

A. 

Shoveler    * 

OM. 

American  Cock    * 

WV. 

Sabine's    GuO 

Ra.M. 

Wood  Duck  • 

American       Oyster-catcher 

A. 

Black-headed      Gull 

Ra.WV. 

Redhead* 

M.WR. 

SpmipalnuitMt        Plnv^r 

M. 

Laughing    Gull 

Ra.WV. 

Ring-necked     Duck 

M.WV. 

Paring    Plover 

M. 

Franklin's     Gull 

Ra.M. 

Canvasback 

M.WV. 

KiUdeer    • 

WV. 

Bonaparte's     Gull 

WR. 

Greater    Scaap 

M.WR. 

American    Golden    Plover 

M. 

LitUe    GoD 

Ra.WV. 

Lesser    Scaup 

M. 

Black-bellied      Plover 

M. 

Ivory   Gull 

A. 

Cbmraon     Goideneye 

M.WR.SV. 

Ruddy     Turnstone 

M. 

Black-legged      Kilriwake 

Ra.WV. 

Fomcr's     Tern 

Ra.M. 

Purple  Martin   * 

YeUow   Warbler   • 

CoDiiiKHi   Tern    * 

Blark-billed      Magpie 

A. 

Magncdia     Waibler 

M. 

Caspian  Two  • 

CM. 

Blue  Jay  • 

PR. 

Cape   May   Waiblcr 

M. 

Black  Tern  • 

Common  Crow  • 

PR. 

Black -throated     Blue     Warbler 

M. 
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(con't) 

Birds  of  the  Niagara  Peninsula                                                                           | 

species 

Status 

Species 

Status 

Species 

Status 

Roseate  Tem 

A. 

Black-capped  Chickadee  * 

PR. 

Myrtle  Warbler 

M.O.WV. 

Arctic  Tern 

A. 

Boreal   Chickadee 

O.WV. 

Blvk-ftTMlMt  Ored  Wvttar  •! 

M. 

Razorbill 

Ra.M. 

Tufted  Titmouse  • 

O.WR. 

Cerulean  Warbler  * 

Thick-billed    Muire 

A. 

While-brcasted  Nuthatch  * 

HI. 

Blackburian  Warbler  *1 

M. 

Black    Guillemot 

A. 

Red  Breasted  Nuthatch  * 

M.O.WV. 

Chestnut-sided    Warbler   *2 

M. 

Rock  Dove  • 

PR, 

Brown  Creeper  * 

M.O.WR. 

Bay- breasted    Warbler 

M. 

Mourning  Dove  * 

PR. 

House  Wren  * 

BlackpoU    Warbler 

M. 

Yellow-billed  Cuckoo  * 

Winter  Wren  *2 

M.WV. 

Pine  Warbler 

O.M. 

Black-billed  Cuckoo  • 

Carolina  Wren  * 

0. 

Yellow-throated     Warbler 

A. 

Barn  OwJ  • 

OJ>R. 

Benwick's  Wren 

A. 

Prairie   Warbler 

O.M. 

Great  Grey  Owl 

Ra.WV. 

Marsh  Wren  * 

Womi-eating    Warbler 

Ra. 

Eastern  Screech  Owl  • 

Ra, 

Sedge  Wren  * 

Palm  Warbler 

M. 

Great  Homed  Owl  * 

Rock  Wren 

A. 

Ovcnbiid  * 

Snowy  Owl 

WV. 

Mockingbird  * 

PR. 

Northern   Waterthrush  *2 

M. 

Loog-cared  Owl  * 

O.WR. 

Catbird  * 

Louisana  Waterthrush  *2 

M. 

Short -eared  Owl  * 

O.PR.CWR 

Brown  Thrasher  * 

Kentucky    Warbler 

O.M. 

Boreal  Owl 

O.WV. 

Sage  Thrasher 

A. 

Connecticut    Warbler 

O.M. 

Saw-whet  Owl  * 

WV. 

Robin  * 

WV. 

Mourning  Warbler  * 

M.Ra.SR. 

Hawk  Owl 

Ra.WV. 

Wheatear 

Ra. 

Ycllowthroat  * 

Ra.WV. 

Whip-poor-will    • 

M. 

Wood  Thrush  * 

Yellow-breasted  Chat  • 

0. 

Common  Nighthawk  • 

Hcrmil  Thnisb 

M.O.SV. 

Hooded  Warbler  '2 

Ra.M. 

Chimney  Swift  * 

Swainsoa's  Thrush 

M. 

Wilson's    Warbler 

M, 

Ruby -throated   Hummingbtrd 

k 

Gray-checked    Thrush 

O.M. 

Canada  Warbler  '2 

M. 

Belled  Kingfisher  • 

O.WV. 

Vccry  • 

American  Redstart  * 

Yellow-shafted  Flicker  * 

PR. 

Varied  Thrush 

A. 

House  Sparrow  * 

PR. 

Plicated    Woodpecker 

PR. 

Eastern  Bluebird  * 

Bobolink  * 

Red-bellied  Woodpecker  • 

0. 

Blue-gray  Gnatcatchcr  * 

O.SR. 

Fasteni  Mcadowlark  * 

WV. 

Red-headed  Woodpecker  • 

PR. 

Golden-crowned    Kinglet 

M.WV. 

Western    Mcadowlark 

O.SR. 

Yellow-bellied    Sapsucker 

M. 

Ruby-crowned    Kinglet 

M.O.WV. 

Yellow-headed     Blackbird 

A. 

Hairy    Woodpecker 

PR. 

Water  Pipit 

M. 

Red-winged  Blackbird  • 

WV. 

Downy    Woodpecker 

PR. 

Bohemian    Waxwing 

Ra.WV. 

Orchard  Oriole  * 

0. 

Nwtticm  Three-toed   Woodpecker 

A. 

Cedar  Waxwing  • 

PR. 

Northern  Oriole  * 

Eastern  Kingbird  * 

Townsends    Solitaire 

A. 

Rusty   Blackbird 

M.O.WV. 

Westcm   Kingbird 

A. 

Northern  Shrike  ♦ 

WV. 

Common  Grackle  * 

O.WV. 

Scissor- tailed     Flycatcher 

A. 

Loggerhead  Shrike  • 

O.WV. 

Brown-headed  Cowbird  * 

O.WV. 

Great  Crested  Flycatcher  • 

Starling  * 

PR. 

Summer  Tanager 

Ra.V. 

Fastcm  Phoebe  * 

White-eyed  Vireo  *2 

O.M. 

Western  Tanager 

A. 

Yellow-bellied    Flycatcher 

O.M. 

Yellow-throated  Vireo  * 

O.SR. 

Scarlet  Tanager  * 

Acadian  Hycatchcr  • 

0. 

Solitary  Vireo 

M. 

Caidinal  * 

PR. 

Willow  Flycatcher  * 

Red-cycd  Viieo  • 

Blue  Grosbeak 

Ra. 

Alder  Flycatcher  * 

Philadelphia    Vireo 

O.M. 

Rose- breasted  Grosbeak  * 

Least  Flycatcher  • 

Warbbng  Vireo  • 

Indigo  Bunting  * 

Fjjstem  Wood  Pewee  * 

Black-and-White    Warbler 

M. 

Dickcissel 

O.WV. 

Olive-sided    Flycatcher 

O.M. 

Prothonotary  Warbler  "1 

O.SR. 

Evening  Grosbeak 

WV. 

Homed  Lark  * 

PR. 

Golden-winged  Warbler  * 

SR. 

Purple  Finch  • 

M.WV. 

Tree  Swallow  * 

Blue-winged  Warbler  * 

Ra.SR. 

Pine  Grosbeak 

WV. 

Bank  Swallow  * 

Tennessee    Warbler 

M. 

Hoary  Redpoll 

A. 

Rough-winged  Swallow  * 

Orange-crowned     Warbler 

O.M. 

Common    Redpoll 

WV. 

Barn  Swallow  * 

NashvUle  Warbler  * 

M. 

Pine  Siskin  • 

M.WR. 

Cliff  Swallow  • 

Parulfl    Warbler 

O.M. 

American  Goldfinch     • 

PR. 
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TABLE  2.7  (con't) 


Birds  of  the  Niagara  Peninsula                                                                           | 

Species 

Status 

Species                             Status 

Species                           j  Status 

Red  Crossbill 

M.WV. 

Vesper  Sparrow  * 

Whitc-CTOwncd  Sparrow        M.O.WV. 

Whitc-wingcd  Crossbill 

M.WV. 

Lark  Sparrow                          A. 

White-throated  Spairow  •     M.O.WV. 

Grecn-tailcd  Towhcc 

A. 

Slate-colored  Junco                M.WV. 

Fox  Sparrow                          M.WV. 

Rufous-Bided  Towhcc  • 

WV. 

Oregon  Junco                       O.WV. 

Lincoln's  Sparrow  *              O. 

Savannah  Sparrow  * 

Tree  Spairow                        M.WV. 

Swamp  Sparrow  *                 M.O.WV. 

Grasshopper  Spairow  * 

O.SR. 

House  Finch  • 

Song  Sparrow  •                     PR. 

Lc  Contc's  Sparrow 

A. 

Chipping  Sparrow  • 

Harris's  Sparrow                    O.SV. 

Hcnslow's  Sparrow 

O.SR. 

Clay-coloured  Spairow           Ra.SR. 

Lapland  Longspur                 WV. 

Sharp-tailed  Spairow 

OM. 

Field  Sparrow  •                      O.WV. 

Snow  Bunting                        WV. 

Ruff 

A. 

Lark  Bunting;                          Ra.V. 

Legend: 

PR. 

Permanent  Resident,  breeding  in  summer. 

* 

Breeds  in  the  region  in  summer,  may  also  migrate  through 
the  region 

M. 

Migrant 

O. 

Occasional 

OM. 

Occasional  Migrant 

SR. 

Summer  Residentt,  no  breeding  evidence 

Ra 

Rare 

SV. 

Summer  Visitor 

WR 

Winter  Resident 

CWR. 

Common  Winter  Resident 

WV. 

Winter  Visitor 

A. 

Accidental  (birds  which  are  out  of  their  normal  range  in  the 
region  and  for  which  there  are  few  records). 

bold 

=  Species  considered  rarcthreatened  or  endangered  by 
COOSEWICorMNR 

From: 

Niagara  Peninsula  Conservation  Report  Volume  1 1972 

Atlas  of  the  Breeding  Birds  of  Ontario  - 1987 

Birds  of  the  Niagara  River  -  Buffalo  Ornithological  Society  - 1989 

Wildlife  of  the  Niagara  Escarpment  Planning  Area  - 1978 

l=poss 

rest  arc 

ble  sighting     2=probable  sighting 

confinued  nesting  sightings  in  Atlas  or  other  reference. 
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The  Niagara  River  is  an  internationally  recog- 
nized area  among  naluralisls  for  numbers  and  diver- 
sity of  gulls.  The  maximum  number  of  species  of  gulls 
documented  on  the  river  at  one  time  is  thirteen  includ- 
ing rare  species.  Bonapane's  GuUs  are  seen  by  the 
thousands  with  a  record  of  60,000  at  one  time". 
Birders  come  in  busloads  to  observe  along  the  Niagara 
River,  particularly  during  November. 


Re-introductions  of  rare,  endangered  or  extir- 
pated species  have  been  attempted  in  the  area,  includ- 
ing peregrine  falcons,  wild  turkeys  and  bald  eagles.  A 
very  enthusiastic  effort  was  made  in  1986-87  to  re- 
introduce 19  peregrine  falcons  into  the  area  by  a  local 
naturalist  club.  Two  pairs  of  bald  eagles  were  intro- 
duced west  of  Cayuga  between  1986  and  1987.  Wild 
turkeys  were  first  reintroduced  to  the  Niagara  Region 
in  1984.  Since  that  time,  turkeys  have  been  trapped 
and  transferred  to  additional  areas.  Nesting  platforms 
are  currently  being  erected  in  an  attempt  to  encourage 
nesting  of  osprey  in  the  area. 


2.5.2.2  Mammalian  Wildlife 


There  are  44  mammalian  species  found  in  the 
Niagara  Peninsula  (Table  2.8  located  at  the  end  of  this 
chapter),  with  22  considered  common.  The  detrimen- 
tal effects  of  the  environmental  quality  of  the  area  on 
these  populations  are  hard  to  determine.  A  limited 
amount  of  work  has  been  done  on  the  status  of  mam- 
malian populations,  primarily  white-tailed  deer  using 
aerial  surveys  and  jacklight  surveys  to  determine  popu- 
lation, sex  ratio,  and  fawning  rate.  Differences  in  the 
condition  between  Navy  Island  and  mainland  deer"" 
were  thought  to  be  mainly  due  to  overpopulation  on 
Navy  Island.  A  population  of  about  1 1 6  deer/km^  (300 
per  square  mile)  was  found  on  Navy  Island  as  a  peak 
level  prior  to  the  1 98 1  controlled  hunt  that  was  used  to 
reduce  the  population  to  a  sustainable  level.  The  high- 
est population  density  found  on  the  mainland  in  Niagara 
was  18  deer/km^  (47  per  square  mile)  in  the  Wainfleet 
bog  during  1989. 


Population  surveys  of  other  species  are  virtually 
nonexistent  and  the  use  of  harvest  data  to  determine 
other  mammalian  population  trends  has  several  draw- 
backs. Harvest  is  dependent  on  trapper  effort  and 
experience,  pelt  prices  and  demand,  and  habitat  quan- 
tity and  quality"".  Also  trappers  arc  not  presently 
required  to  record  specifically  where  within  a  trapping 
unit  the  pelt  was  taken. 


2.5.2.3  Reptilian  and  Amphibian 
Wildlife 


Thirty-four  species  of  amphibians  and  reptiles 
occur  in  the  Niagara  peninsula  (Table  2.9  located  at 
the  end  of  this  chapter).  TTiese  species  include  13 
snakes.  8  turtles,  10  frogs  and  toads,  and  7  salaman- 
ders and  newts"".  The  recent  discovery  of  local 
specimens  of  dusky  salamander  in  the  Niagara  River 
area  is  the  only  known  population  in  Ontario.  Sam- 
pling of  rare  or  endangered  species  is  discouraged,  as 
the  act  of  samphng  itself  could  have  significant  detri- 
mental effects  on  population  levels. 


The  status  of  the  populations  of  reptiles  and 
amphibians  in  the  area  is  not  well  documented.  These 
animals  are  generally  small  and  secretive  in  their 
behaviour.  Little  is  known  about  their  distribution, 
abundance,  habitat  requirements,  breeding  behaviour, 
hibernation  and  other  aspects  of  ihcir  life  cycles"". 
The  Ontario  Field  Herpetologists  document  sightings 
of  species  but  liule  is  known  about  the  numbers  and 
reproductive  success.  Six  species  in  the  area  are 
considered  rare,  threatened  or  endangered.  Depletion 
of  wetlands,  urban  development  and  physical  distur- 
bances, along  with  contaminant  problems,  probably 
contribute  to  declines  in  numbers.  Freshwater  wetlands 
are  important  as  habitat  for  aquatic  reptiles  and  am- 
phibians and  the  distribution  and  abundance  of  these 
organisms  is  controlled  by  several  major  factors  in- 
cluding wetland  size  and  location,  water  quality,  flood- 
ing regime,  substrate  and  vegetation  structure"'. 
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TABLE  2.8 


Mammalian  Species  of  the  Niagara  Peninsula 


COMMON    NAME 


Nwthcni  Short-tailed  Shrew 
Little  Short-uUcd  Shrew 
Smolcy  Shrew 

Mulced  Shrew  (Commoo)  * 
Pigmy  Shrew 
Star  noted  Mole  * 
Hairy-tailed  Mole  (Brewei't  Moke) 
Meadow  Vole  • 
Capper's  Red-backed  Vole 
Woodland  Vole  (Pine  Vole) 
While-fooied  Mou»c  " 
Meadow  Jumping  Mouie  * 
Deer  Mouae  • 
HouK  Mouie  * 
Norway  Rat  • 
Silver  Haired  Bat 
Red  Bat 
Hoaty  Bat 

Keco't  Myodi  (Eastern  LoDg-offcd  Bal) 
Least  Bal 
Littk  Brown  Bal  * 
Big  Brown  Bat  • 
Eastern  Ptpistrelle 
Southern  Bog  Lemming 
Woodchuck  • 
Miukrat  * 
Amaican    Beaver 
American   Mink 
Long-tailed   Weasel 
Enninc 

White-iailed  Deo  * 
Bobcat 

Eastern  Cottonlail  * 
European  Hare  * 
American  Red  Squirrel  * 
Gray  tr  Black  S<iuirrel  • 
Southern  FlytDg  Sqiibrd 
Eastern  Chipmunk  ' 
Striped  Skunk  * 
KAoooan 

Virginia  Oppoaam  * 
Red  Fox  • 
GnjVoi 
CayoU  (Brash  Wolf)  • 


SCIENTinC     NAME 


Blanna    bfrvicauda 
Cr^yosit    [wvft 
Sffcx    fiimeuji 

Micipaofcx,  boa 

ronrtyhira    criHitt^ 
Parascalops    brewen 
Microlus    pennsy}vaiiicM 


Clethnonomvs    gapperi 
MicfOPis    pinctOTian 
Pcromvscus    leucc^us 
7jipii^    huH^nniiK 


Mus  muscyJHS 
Rattus   norvegMUi 
Lasionvcteris    noctivagans 


T.««iniiL  rmpmii 

Mvrtis  keenii 

Mvptis  aibulfltus 

Myotis  lucifiigiH 

EgBucusJuaaii 

Kpjglrellus   subflavua 


Synaptomys    cooperi 
Mannota    monftx; 
OqdatTfl    7ibethiClM 


Muttela  viaon 

MufiKlfl-toaflla 

MiiKtPJH    mnincji 
Qdocoileim 


YirglOlBBUa 


Lynx  rufus 
Svivikyu^    floriHaniif 


Tamiaschirua    hudMnicus 
Sciunis   cafolinensis 
"    vnlnns 

Mfipbiiisjuci^uJu 

Procyon   lotor 
Didelphis    virginiana 
Vulpes  vulpt;^ 
Urocvon     cinereoargentetu 


f 


-from  Niagara  Pcnoinsula  ConservatioD  Report  Volume  I  1972  and  Tbc  Amehcan 
Society  of  Mammalc^ios  -  Species  moaographi 

*  indicates  cammon  species 

-specie*  identified  in  bold  are  coitDtly  considered  rare,    threatened,    or  endangered  in 
Ontario  or  Canada 
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Table   2.9 


Niagara    Peninsula    Herpetofaunal    Summary             | 

Common 

Scientific    Name 

Mudpuppy 
Red-^xKied     Newt 
Jffferaon     SaluDander 
Yellow -qmtied       Salamander 
Duaky  Salamwidcr  * 
Four-toed      Salamander 

American     Toad 

Woodhmiat'a    TomI 

Spnn|    Peeper 

Tctraploid    Gray    Treefiog 

Striped    QiofQa    Fiog 

Wood    FiDg 

Northern    Leopard    Hi^ 

Rckecel    Fio{ 

Oreeo   FfOf 

Bullfrog 

Commoo     Snapping    Turtle 

Stinkpot 

Painted    Tiutle 

filandiiig'i     Turtle 

Spotted    Turtle 

Eatfem    Box    Turtle* 

SplMj    SoftahcU 

Fire- lined   Skink   * 

CominoQ    Gaiter    Snake 

Eattein    Ribbon    Snake 

Nortbcm    Water    Snikr^ 

Rcdbetlied     Snake 

Brown    Snake 

Smooth    Green    Snake 

Riogneck     Snake 

Ewbrn    Hognoac  Snake* 

Kst  Saakc 

Fox  Snake* 

Milk    Snake 

Maaaaiaauga* 

Tfanbo-     Kattkaoafce** 

Triton    vert 

Hvla     vnnicolor 

ThmuHiphia uoalic 

ThumnnphJK        MuritlM 

Cmitlui bomcliH 

-from  Distribution  and  Stanis  of  the  Herpeiofauna  of  Central 
Region.     August  1989  (Plourde  et  al.   1989) 

-bolded  species   are  cuirently   considered  rare,      thrratrned,      or 

endangered   in   Ontario   or   Canndfl 

-bolded    first   letters   indicate   species   cuuently   under   review   for   srafnt 

-*  indicates  the  species  is  considered  rare  in  the  area 

-"species    probably    expirated    from    Niagara    R.    watershed 
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3.0  USE  OF  THE 
RESOURCE 


The  potential  of  the  Niagara  River  has  long  been 
recognized.  The  waters  of  the  Niagara  River  itself 
were  used  for  potable  water  by  Native  Peoples  for 
centuries  before  Niagara  Falls  was  fust  visited  by 
Father  Hennepin.  Today,  the  river  continues  lo  serve 
as  a  potable  water  source  for  the  public  and  for  indus- 
trial facilities.  However,  the  Niagara  River  area  is 
primarily  used  for  hydro-electric  power  generation 
and  for  tourism  and  recreation. 


3.1  Water  Uses 


Lake  Ontario  is  the  source  of  drinking  water  for 
approximately  4  million  residents  of  the  Province  of 
Ontario  and  1  million  residents  of  the  State  of  New 
York.  In  addition,  it  serves  a  myriad  of  recreational 
uses  for  residents  and  visitors  to  the  Lake  Ontario  area. 
Such  uses  include:  swimming,  diving,  boating, 
windsurfing,  fishing  and  hunting  (waterfowl). 


The  Niagara  River  itself  serves  as  a  source  of 
drinking  water  for  the  City  of  Niagara  Falls.  Ontario 
via  a  filtration  plant  at  the  junction  of  the  Niagara  River 
and  Chippawa  Creek  in  Chippawa.  Most  of  the  urban 
areas  in  New  York  Stale  between  Buffalo  and 
Youngstown  are  also  serviced  by  plants  thai  draw 
water  from  the  Niagara  River. 


The  river  is  also  used  for  many  of  the  same 
primary  recreational  activities  as  Lake  Ontario.  On 
the  lower  river,  fishing  takes  place  from  boats  and 
from  the  shoreline  for  such  species  as:  american  eel, 
yellow  and  white  perch,  rainbow  trout,  walleye, 
muskellunge.  pike,  coho  salmon,  rock  and  smallmoulh 
bass,  suckers  and  smelt.  In  the  upper  river,  smelt, 
yellow  perch,  rainbow  trout,  smallmoulh  bass,  suckers 


and  walleye  are  extensively  fished.  Lake  trout  and 
brown  trout  are  also  caught  in  Lake  Erie  near  the  head 
of  the  river  off  Fort  Erie. 


Marinas  for  both  sail  and  power  boats  exist  at 
Fort  Erie,  Chippawa  and  Niagara-on-the-Lake  as  well 
as  several  locations  along  the  Chippawa  Channel  and 
in  Chippawa  Creek. 


The  extensive  parkway  belt  along  the  Canadian 
shoreline  of  the  Niagara  River  provides  a  habitat  for  a 
wide  range  of  amphibians,  birds,  mammals  and  rep- 
tiles. Habitat  for  most  of  these  species  is  also  found  in 
areas  not  normally  accessible  to  humans,  such  as: 
Navy  Island,  emergent  areas  in  the  Niagara  Rapids 
and  through  the  Niagara  Cwge. 


For  the  most  part,  the  fast-flowing  Niagara  River 
is  too  dangerous  for  bathing.  However,  bathing 
beaches  are  found  at  Niagara-on-the-Lake,  Chippawa 
and  Fort  Erie. 


The  spectacle  of  the  Niagara  Falls  panorama, 
the  Niagara  Rapids.  Whirlpool  Rapids  and  Devil's 
Hole  Rapids,  the  Niagara  Gorge  and  the  Whirlpool, 
historical  attractions  such  as  Fort  George.  Queenston 
Heights  and  Old  Fort  Erie  and  recreational  attractions 
such  as  the  Spanish  Aero  Car,  the  Shaw  Festival,  the 
Maid-of-the-Mist  and  the  Cave  of  the  Winds  bring 
milhons  of  tourists  to  the  Niagara  area  each  year  from 
all  over  the  world. 


The  extensive  park  lands  along  the  Niagara 
River  are  also  popular  for  bicycling,  hiking,  picnick- 
ing, sightseeing,  camping  and  photography. 
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3.2  Land  Uses 


The  drainage  area  associated  with  the  Canadian 
side  of  the  Niagara  River  can  be  divided  into  two  parts: 
the  Niagara  River  proper  (and  its  minor  tributaries)  and 
the  Welland  River  (and  its  tributaries)  having  associ- 
ated drainage  areas  of  approximately  230  and  1,050 
km\  respectively  (Table  3.1). 


Land  use  can  have  a  dramatic  influence  on  water 
quality  within  a  drainage  area.  A  survey  of  the  land 
use  in  the  Niagara- Welland  watershed  has  not  been 
done  directly.  The  agencies  responsible  for  collection 
of  land  use  data  work  on  a  geographic  township-by- 
township  basis.  Statistics  for  each  regional  munici- 
pality are  available  for  varying  time  periods.  The 
values  reported  in  Table  3.2  and  in  the  following 
sections  were  estimated  using  land  use  maps  of  the 
regional  municipahties  of  Niagara  (1980).  Haldimand- 
Norfolk  (1982)  and  Hamilton-Wentworth  (1980). 


The  following  sections  discuss  the  various  land 
uses  in  the  area  and  how  they  can  affect  environmental 
quality,  particularly  water  quality.  Niagara  district 
agricultural  statistics  quoted  are  from  the  Ministry  of 
Agriculture  and  Food^'. 


3,2.1  Agricultural  Lands 


Agriculture  is  an  important  industry  in  the  Nia- 
gara Peninsula.  In  1986,  the  Niagara  region  had  3,147 
larms  reporting  some  farm  income,  with  2,619  farms 
reporting  income  greater  than  $2,500  per  year^.  These 
farms  covered  95.887  hectares,  wiih  70.964  hectares 
under  crops.  The  total  value  of  the  agricultural  prod- 
ucts produced  in  the  Niagara  Peninsula  was  over 
S250.000,(X)0.  Unfortunately,  the  data  are  not  re- 
ported in  such  a  manner  as  to  make  it  practical  to 
identify  the  income  from  the  agricultural  operations 
within  the  Niagara- Wei  land  watershed. 


The  soils  of  the  area  are  primarily  clay,  and  the 
slope  is  low.  This  implies  that  the  drainage  of  the  area 
is  naturally  poor.  Portions  of  the  area  have  been  tile 
drained,  with  fruit  production  areas  highly  drained. 
However,  tile  drainage  in  areas  that  are  flat  and  have  a 
high  clay  content  is  ineffective.  In  the  Niagara  Penin- 
sula, there  were  7 1 ,000  hectares  of  cropland,  of  which 
21,000  hectares  are  systematically  or  randomly 
drained".  The  drains  are,  however,  concentrated  be- 
low the  escarpment  in  fruit  production  areas  which  are 
outside  the  Niagara- Welland  watershed. 


The  Niagara  Peninsula  is  acknowledged  as  one 
of  the  country's  leading  fruit  production  areas.  The 
Niagara  River  watershed  does  not  include  a  large 
proportion  of  these  orchards  and  vineyards;  these  are 
primarily  located  between  the  Niagara  Escarpment 
and  the  Lake  Ontario  shoreline.  Some  fruit  produc- 
tion does  occur  along  the  northwest  shore  of  the 
Niagara  River  and  near  Fonthill.  This  makes  up 
approximately  1,000  hectares,  or  less  than  1  percent, 
of  the  land  in  the  watershed. 


A  breakdown  of  the  different  crops  grown  in  the 
Niagara  River  area  can  be  seen  in  Table  3.2.  Row- 
cnaps  (com,  soybean)  and  cereal  grains  (winter  wheal, 
barley,  oats)  make  up  a  large  percentage  of  the  crops 
of  the  area.  The  acreage  of  each  crop  varies  from  year 
to  year  depending  on  crop  rotation  and  current  market 
value.  In  the  last  five  years  the  amount  of  soybean 
planted  in  the  area  has  increased  dramatically. 


Livestock  produced  in  the  area  includes  cattle, 
poultry,  sheep,  and  pigs.  There  is  no  livestock  access 
directly  to  the  Niagara  River,  but  hvestock  do  have 
access  to  the  tributaries,  and  this  contributes  to  local- 
ized bank  erosion  problems.  Manure  storage  and 
application  is  a  source  of  bacterial/nutrient  problems 
and  is  not  strictly  regulated  or  enforced.  Spills  of 
liquid  wastes  from  poultry  or  livestock  operations  can 
produce  immediate  and  significant  fish  kills. 
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TABLE  3.1 


Watershed  Areas  of  the  Niagara  River 

Sub-watershed 

Area 

Sub-watershed 

Area 

sq.  km 

sq.  km 

Niagara  River 

Welland  River 

(total) 

229.9 

(total) 

919,6 

Direct  Drainage 

2.9 

Direct  Drainage 

3513 

Frenchman  Creek 

17.2 

Wen  Wolf  Deck 

14.0 

Miller  Creek 

8.3 

Buckhom  Creek 

23,9 

Beaver  Creek 

34.9 

Elsie  Creek 

34.3 

Baker  Creek 

3.2 

Oswego  Creek 

169.1 

Black  Oeek 

70.3 

Unle  Wolf  Creek 

10.0 

Bayer's  Oeek 

13.5 

Wolf  Oeek 

13.8 

Usshers  Creek 

19.6 

Mill  Oeek 

Moores  Creek 

19.7 
13.0 

WU  son  Creek 
Beaver  Creek 

5.9 
39.3 

Chippawa  Cr./Power  C 

anal 

(toiai) 

130.2 

Black  Ash  Creek 
Parkers  Creek 

13.6 
19.7 

Chippawa  Occk 

LitUe  Forks  Creek 

14.3 

Direct  Drainage 

8.3 

Big  Forks  Creek 

27.2 

LyaasCnek 

47.5 

Sucker  Creek 

9.9 

Tee  Oeek 

30.1 

MiU  Race  Creek 

80.1 

Grassy  Brook 

13.7 

Coyle  Qeck 

40.0 

Hunter's  Drain 

3.8 

Drapers  Creek 

11.5 

Qucenston/Chippawa 

Thompsons  Creek 

13.8 

Power  Canal 

26.6 

have  low  levels  of  phosphorus  and  are 
high  in  potash  content.  The  pH  is  low, 
between  5-6  without  the  appUcation  of 
lime.  Ilisbeiievedihatfamiersinthearea 
are  generally  not  over-applying  fertiliz- 
ers. Possible  exceptions  exist  for  live- 
stock operations,  particularly  poultry, 
where  large  amounts  of  waste  are  being 
spread  over  small  areas.  Application  of 
livestock  wastes  at  the  wrong  time  of  the 
year  appears  to  be  a  larger  problem  and  is 
not  regulated.  Application  of  large 
amounts  of  manure  during  the  spring  run- 
off period  can  result  in  serious  contami- 
nation of  surface  waters.  The  crop  planted 
also  has  specific  requirements;  for  in- 
stance, the  increase  in  soybean  acreage 
leads  to  an  overall  decrease  in  the  applica- 
tion of  nitrogen  fertilizer. 


The  amounts  of  herbicides, 
fungicides  and  pesticides  applied  in  the 
Niagara  peninsula  is  unknown.  Until  re- 
cently, farmers  and  other  users  were  not 
required  to  obtain  a  permit  or  to  record 
volumes  used.  These  chemicals  can  in- 
fluence water  quality  and  wildlife  espe- 
cially if  they  are  not  applied  according  to 
specifications.  There  is  a  course  available 
on  proper  chemical  application  but  it  is 
not  required  by  law.  Organic  farming  is 
gaining  popularity  in  the  peninsula. 


Tree  nursery  areas  are  usually  kept  bare  between 
the  trees,  leading  to  erosion  problems  on  a  continual 
basis.  Herbicides  are  generally  used  to  control  weed 
growth.  Sod  farms  similarly  are  left  bare  at  cutting 
limes  and  erosion  can  also  be  a  problem  at  these  times. 
Herbicides  are  also  used  on  the  grass  for  weed  control. 


Agriculture  in  the  area  includes  nursery  areas  and 
sod  farms.  Farmers  in  Ontario  are  encouraged  to  test 
their  soils  before  application  of  phosphorus,  nitrogen 
and  potash  fertilizers.  The  soils  of  this  area  generally 


Past  and  present  agricultural  practices  are  not 
always  beneficial  to  the  environment  or  the  farmer  in 
the  long  term.  Recent  awareness  of  the  effect  of 
agricultural  land  use  practices  on  environmental  qual- 
ity, particularly  the  effects  of  sediment  and  phosphorus 
loading,  has  led  to  the  introduction  of  programmes  that 
encourage  changes  in  farming  practices.  These  pro- 
grammes include:  SWEEP  (Soil  and  Water  Environ- 
mental Enhancement  Program),  Rural  Beaches  Pro- 
grams, Land  Stewardship  Program  and  Tillage  2000. 
However,  these  are  usually  short-term  programmes. 
Time  and  resources  are  needed  to  initiate  substantial 
change. 
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TABLE  3.2 


I 
I 


Land  Use  in  the  Niagara  River  Watershed 

Land  Use  Type 

Niagara  R. 
&  Tribs. 

Power  Canal 
&  Chippawa 

Welland  R. 
&  Tribs. 

i 

Total 

Area  (ha) 

23000 

13000 

92000 

100% 

Agriculture 

(orchards  &  vineyards) 

(vegetables  &  berries) 

mixed 

rowcrops 

corn-wheat 

cereal  grains 

hay 

pasture,  grazing 

nursery,  sod 

2.7% 
0.3% 
8.1% 
0.4% 
12.0% 
1.1% 
5.6% 
2.4% 
0.3% 

0.4% 

<1% 

Abandoned  land 

(orchards.. idle  agriculture 
and  scrubland) 

23.2% 

Forested 

15.5% 

Recreation 

1.7% 

Urban.»  Rural  Residential  & 
Transportation 

23.0% 

WeUand 

0.1% 

Extraction 

1.0% 

*         estimates  based  on  land  use  maps  from  Niagara,  Haldimand-Norfolk,  and  Hamilton-Wentworth 
Districts  (1980, 1982,  and  1980) 

Government  grants  for  farmers  willing  to  initiate 
changes  are  scarce.  Encouragement  in  the  use  of  crop 
rotation,  buffer  strips,  grassed  waterways,  green  belts, 
restricted  cattle  access,  proper  manure  management. 


improved  construction  practices,  proper  chemical  ap- 
plication methods  and  discouragement  of  wetland 
draining  will  help  to  eliminate  the  detrimental  effects 
of  agriculture. 
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Tlie  small  farm  appears  to  be  a  thing  of  the  past. 
Recently  there  has  been  a  move  to  larger,  more  effi- 
cient farms.  Urban  developmeni,  especially  along  the 
escarpment  and  the  Lake  Ontario  shoreline,  is  threat- 
ening fruit  production  in  these  areas  of  Niagara,  which 
for  the  most  pan  are  outside  the  study  area.  There  is 
also  concern  with  the  potential  groundwater  contami- 
nation arising  from  rural  strip  housing,  particularly  in 
the  upper  Weliand  River  basin. 


3.2.2  Urban  and  Rural  Centres 


The  main  Ontario  urban  centres  with  water  and 
sewage  services  in  the  Niagara  River  drainage  area  are: 
Fort  Erie  (pop.  23,486),  Niagara  Falls  (pop.  72,107), 
Niagara-on-the-Lake  (pop.  12,050)  and  Weliand  (pop. 
44.569).  The  population  figures  in  parentheses  are 
1988  estimates.  These  centres  are  all  situated  along 
the  Niagara  River  or  its  tributaries  and  make  up  only  a 
small  percentage  of  the  land  in  the  drainage  area.  The 
sewage  treatment  plants  for  these  urban  centres  are 
currentiy  in  various  stages  of  improvements,  but  inputs 
of  nutrients  and  contaminants  are  still  significant. 


3.2.3  Industrial  Sites 


The  extent  of  industry  on  the  Canadian  side  of 
the  Niagara  River  is  considerably  less  than  thai  on  the 
U.S .  side.  Many  of  the  companies  situated  on  the  river 
have  been  identified  historically  as  point  sources  of 
pollution'".  Some  degree  of  clean-up  activity  is  cur- 
rently underway  at  the  plant  sites  of  most  point  sources. 
In  the  upper  reaches  of  the  Weliand  River  there  are  no 
significant  industries. 


There  are,  however,  industries  in  the  cities  of 
Weliand  and  Niagara  Falls.  During  storm  events,  con- 
taminants from  these  properties  are  carried  into  the 
Weliand  River  which  in  turn  flows  into  the  Power 
Canal  and  eventually  into  the  Niagara  River  through 
the  Sir  Adam  Beck  generating  station. 


Industrial  properties  in  Fori  Erie  and  Niagara 
Falls  also  contribute  contaminated  storm  water  runoff 
into  minor  tributaries  or  into  the  Niagara  River  di- 
rectly. 


3.2.4  Abandoned  Lands 


The  percentage  of  the  land  in  the  Niagara- 
Welland  basin  considered  abandoned  agricultural  land, 
including  abandoned  pasture,  orchards  and  scrubland 
is  considerable.  These  lands  are  considered  important 
areas  for  wildlife  habitat.  Often  these  lands  are  held 
for  future  development  by  speculators. 


3.2.5  Landfill  Sites 


Seventeen  landfill  sites  have  been  identified  in 
the  area".  Of  these  sites,  five  are  currently  certified 
and  still  operating,  and  twelve  are  closed.  Five  landfill 
sites  were  considered  possible  problem  areas  in  1984^°. 
Since  then,  further  investigations  into  the  sites  have 
initiated  remedial  action  and  only  one  site  remains  a 
possible  problem.  These  five  landfills  are  discussed  in 
more  detail  in  section  5.6.  There  may  exist  other 
abandoned  sites  that  have  not  been  identified  since 
landfill  sites  have  only  been  required  to  be  licensed 
since  1971.  Leachate  collection  is  not  practised  at  any 
of  the  five  sites. 
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TABLE  3.3 


Conservation  Authority  Holdings  on 
the  Niagara  River  and  Its  Tributaries 

Name 

Area  (ha) 

Binbrook  Conservation  Area 

396 

Canboro 

6 

Chippawa  Creek  Conservation  Area 

148 

E.C.  Brown 

6 

Hedley  Forest 

17 

Humberslone  Marsh 

82 

Oswego 

6 

Port  Davidson 

0.2 

Ruigrok  Tract 

76 

Slevensville 

49 

United  Empire  Loyalist 

22 

Willoughby  Marsh 

231 

Total  Holdings 

1039.2 

3.2.6  Recreational  and  Forested 
Areas 


Recreation  and  forested  areas  also  make  up  a 
considerable  portion  of  the  land  in  the  Niagara  and 
Welland  River  basins.  The  Niagara  Peninsula  Conser- 
vation Authority  now  owns  over  1,800  hectares  of 
land,  consisting  of  34  conservation  areas  in  the  penin- 
sula. Of  this  land  area.  1 ,039.2  hectares  lie  within  the 
Welland  and  Niagara  watersheds  directly  (Table  3.3). 
These  areas  are  used  for  various  recreational  activities 
and  provide  important  wildlife  habitat. 


The  Ontario  Ministry  of  Natural  Resources  owns 
three  tracts  of  land  in  the  Niagara  River  watershed. 
The  Wainfleet  Bog  acquisition,  in  the  City  of  Port 
Colbourne.  is  probably  the  most  ecologically  signifi- 
cant. This  207  hectare  piece  of  land  is  part  of  a  class  1 


wetland  and  was  acquired  to  preserve  this  habitat  and 
prevent  the  expansion  of  the  peat  extraction  practices 
in  the  bog.  There  are  two  acquisitions  in  the  City  of 
Fort  Erie;  the  Nigh  (29.1  hectare)  and  Bowen  Road  (8.9 
hectare)  properties.  These  properties  are  used  for  re- 
forestation projects  and  are  considered  wildlife  areas. 


3.2.7  Wildlife  Areas 


All  land  and  water  has  the  potential  to  be  wildlife 
habitat  using  the  most  basic  definition.  Planning  can 
makeilpossiblefor  wildlife  to  coexist  with  most,  if  not 
alt  land  use. 


The  Niagara  Peninsula  is  considered  part  of  the 
Carolinian  life  zone  and  southern  Ontario  has  the  only 
area  of  this  type  in  Canada.  Therefore  many  species 
that  occur  in  this  area  are  provincially  or  nationally 
significant.  These  include  many  of  the  rare  vascular 
plants  listed  in  Table  3.4  (located  at  the  end  of  this 
chapter). 


Wetlands  in  the  past  have  been  randomly  and 
continuously  drained  and  filled.  It  is  now  realized  that 
wetlands  have  economic,  water-related,  ecological 
and  social  benefits  in  Southern  Ontario".  These  in- 
clude tourism,  renewable  resource  production,  flood 
reduction,  ground  water  recharge  and  flow  augmenta- 
tion, water  quality  improvements,  diversity  of  eco- 
logical habitat,  education,  research  and  aesthetic 
value'-.  The  realization  of  the  importance  of  these 
areas  has  led  to  an  attempt  to  protect  the  remaining 
wetland  areas.  The  Provincial  Wetland  Policy  state- 
ment was  approved  in  May  1992.  Its  goals  are:  to 
ensure  that  wetlands  are  identified  and  adequately  pro- 
tected through  the  land  use  planning  proce.ss  and  to 
achieve  no  loss  of  provincially  significant  wetlands. 
Table  3.5  (located  at  the  end  of  this  chapter)  lists  the 
wetlands  of  the  Niagara  River  watershed  which  have 
been  evaluated  by  the  Ministry  of  Natural  Resources. 
Many  of  these  areas  are  small  in  size  but  all  the  wetlands 
are  Provincially  significant  (Classes  1.  2.  or  3).  Ail 
these  wetlands  merit  protection  as  required  by  the 
Provincial  Wetland  Policv  statemeni. 
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TABLE  3.6 


Natural  Areas  of  the  Niagara  Region  Within  the  Niagara  River  Watershed 

(Regional  MunicipaUly  of  Niagara...  1985) 

Areas  Associated  With  Escarpment 

Forested  Recreation  Areas 

Niagara  River  Gorge  *# 

StevensvUle  Conservation  Area  # 

Qucension  Heights  '# 

Wet  Forests 

Cyanamid  Comers  • 

MNR  Classlfled  Wetlands 

Wainfleet  Marsh  *# 

Forks  Creek  Woods  *# 

WainQeet  Wetlands  *# 

Comfort's  Bush  * 

Lyons  Creek  Wetlands  # 

Sucker  Creek* 

Willoughby  Marsh  •# 

Silvcrdale  Woodlot  • 

(Qay  Plain  Muck  Basin  Ftacst) 

(South  St.  Anns  Slough  Forest) 

Humberstone  Maish  *# 

Reicher  Woodlot  * 

Mud  Lake  *# 

Chambers  Comers  Clay  Plain 

Moulton  East  Wetland 

Marshville  Station  Clay  Plain 
Bartell's  Bush  * 

Additional  WeUands 

Bismarck  Bush  * 

Ridgeville  Swamp 

Hardy's  Wood  • 

WeUand  River  # 

Garber's  Grove  * 

South  St.  Anns  Slough  Forest  • 

Pol's  Woodlot  • 
McCrcady's  Bush  • 
Ruigrok  •# 

Important  Fisheries  and  Waterfowl 

HablUt 

(Caistor-Canboraugh  Slough  Forest) 

Niagara  River 
Boycr's  Creek 

Unusual  Landforms 

Usshers  Cicck  # 

Ridgcmoum  Quarry 

Black  Creek  # 

Humberstone  Quarry 

Miller  Creek 
Frenchman  Creek 

Other  Sites  €f  Rare  Flora  and  Fauna 

MiUer  Crc«k 

Usshers  Creek  Mouth  # 

Woodlots 

Summer  Street  Woodlot  * 

Gamer  Road  Woodlot 

Chippawa  Creek  Con.  Area  *# 

Cream  and  WeUand  Streets 

Navy  Island 

•  -  ESA  in  Brock  University  ESA  Report 

#  -  ESA  in  Regional  Policy  Plan...  Municipality  of  Niagara 

Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  3 


Page  (3  -  8) 


3.2.8  Environmentally  Sensitive 
Areas 


An  environmentally  sensitive  area  (ESA)  is  des- 
ignated by  a  natural  feature  satisfying  at  least  four  of 
the  following  nine  criteria": 


1)  unusual  and  distinctive  landform; 

2)  ecological  functions  (eg.  water  storage  or 
recharge,  wildlife  stopover  or  concentra- 
tion point); 

3)  unusual/distinctive  plantand/oranimal  com- 
munities; 

4)  unusual/distinctive  habitat; 

5)  high  diversity  of  biological  communities; 

6)  habitat  for  rare  or  endangoed  indigenous 
species; 

7)  large  potential  habitat  for  species  requiring 
expanses; 

8)  amenable  to  sciuitific  research  and  conser- 
vation education  purposes; 

9)  high  aesthetic  value  where  alterati(»i  re- 
sults in  loss  of  amenity. 


The  Regional  Municipality  of  Niagara  recog- 
nizes 90  natural  areas,  42  of  which  are  designated  as 
ESAs  in  the  Regional  Niagara  Policy  Plan''.  The 
watershed  of  the  Niagara  River  contains  39  of  the  90 
natural  areas  (Table  3.6).  Hamilton-Wentworth  re- 
gion has  1  ESA  within  the  Welland  River  watershed**. 
There  are  3  ESAs  within  the  Haldimand-NorfoUt  juris- 
diction of  the  watershed". 


The  identification  of  natural  areas  or  ESAs  as- 
sists in  the  review  of  development  plans  for  all  re- 
gions. The  intent  is  to  ensure  that  development  does 
not  adversely  affect  the  ESA.  This  does  not  necessar- 
ily mean  restricted  development  within  the  ESA,  but 


TABLE  3.7 


Areas  of  Natural  and  Scientific 
Interest  on  the  Niagara  River  and  Its 
Tributaries 


Life  Sciences 


Niagara  Gorge 

Caistor-C^anborough  Slough  Forest 
AttercUffe  Station  Slough  Forest 
Wainflect  Peat  Basin  Heath 
Humbcrslone  Muck  Basin  Swamp  Forest 
Lyons  Creek  Flood  Plain  Wetlands 
Willoughby  Clay  Plain  Muck  Basin  Forest 
Navy  Island 


Earth  Sciences 


Niagara  River  Bedrock  Gorge 
Humberstone  Quarry 
Ridgemount  Quany 


protection  as  determined  through  preparation  of  envi- 
ronmental assessments  (EAs).  In  many  cases,  all  or 
large  portions  of  ESA  areas  may  need  to  be  protected. 


The  ESAs  may  also  be  identified  by  other  pro- 
grammes such  as  Areas  of  Natural  and  Scientific  Inter- 
est (ANSIs)  (Table  3.7).  Niagara  Parks  Commission, 
Niagara  Escarpment  Commission,  and  MNR  Welland 
Classifications. 
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TABLE  3.8 


Composition  of  the 

Regional  Municipality  of  Niagara 

Municipality 

Status 

Population 
(1986) 

Growth  (%) 
1975-86 

Area 
Sq.  Km. 

St.  Catharines 

City 

123455 

2.5 

94.4 

Niagara  Falls 

City 

72107 

6.2 

212.0 

Wetland 

City 

45054 

0.2 

81.2 

Fort  Erie 

Town 

23253 

0.8 

168.3 

Port  Colbome 

City 

18281 

-10.1 

122.8 

Grimsby 

Town 

16956 

9.0 

68.1 

Ttaorold 

City 

16131 

9.8 

84.6 

Lincoln 

Town 

14391 

1.0 

163.4 

Niagara-on-the-T  ^ke 

Town 

12494 

0.9 

131.1 

Pelham 

Town 

12137 

23.4 

124J 

West  Lincoln 

Township 

9918 

6.2 

382.9 

Wainflcet 

Township 

5955 

0.4 

217.4 

Total 

370132 

3.2 

1850.9 

source:  1986  census  data  (see  rcf  852) 

3.3  Socio-economic 
Perspective 


The  Niagara  River  Area  of  Concern  includes  a 
major  portion  of  the  Niagara  Peninsula.  Niagara  is  not 
a  peninsula  in  the  traditional  sense  although  it  is 
bounded  by  water  on  three  sides.  Because  the  Niagara 
River  no  longer  forms  a  barrier  to  the  east,  the  Niagara 
area  serves  as  a  corridor  or  gateway  between  Canada 
and  the  United  States.  A  corresponding  major  water 
transportation  corridor  through  the  Niagara  between 
Lake  Erie  and  Lake  Ontario  makes  Niagara  a  n^nspor- 
tation  crossroads.  The  demography,  social  patterns 
and  development  are  strongly  associated  with  the  trans- 
portation routes  which  transect  this  area"'.  Although 
the  AOC  does  not  include  the  potential  corridor  along 


the  Queen  Elizabeth  Way  north  of  the  Niagara  Escarp- 
ment, a  number  of  urban  centres  and  considerable 
agricultural  areas  make  up  the  population  in  the  Area 
of  Concern. 


The  historical  panorama  of  Niagara  Falls,  com- 
bined with  the  existence  of  cheap  electrical  power  has 
led  to  concentrated  development  along  the  banks  of 
the  Niagara  River  and  particularly  in  the  vicinity  of 
Niagara  Falls.  The  majority  of  the  Niagara  River  area 
lies  within  the  municipal  boundaries  of  the  Regional 
Municipality  of  Niagara.  Small  portions  of  the  Re- 
gion of  Hamilion-Wentwonh  and  the  Region  of 
Haldimand  Norfolk  are  included  in  the  agricultural 
headwaters  of  the  Welland  River  to  the  south  and  east 
of  Mount  Hope  and  to  the  east  of  Cayuga  and  Dunn  ville. 
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The  socio-economic  fabric  of  the  Niagara  Re- 
gion, involving  population  and  money,  effects  the  popu- 
lace's ability  to  support  remedial  measures  in  the  AOC, 
particularly  if  there  is  a  direct  cost  to  the  individual  or 
economic  sector  or  to  a  municipality  as  a  whole. 


3.3.1  The  Regional  Municipality  of 
Niagara 


In  1969,  the  region  of  Niagara  was  the  first  area 
in  the  province  to  undergo  full-scale  regional  reorgani- 
zation. The  Regional  Municipality  of  Niagara  Act 
reorganized  four  cities,  five  towns,  three  villages,  four- 
teen townships  and  the  counties  of  Lincoln  and  Welland 
into  the  Regional  Municipality  of  Niagara  and  twelve 
area  municipalities'"  (Table  3.8).  The  Regional  Mu- 
nicipali  ty  of  Niagara  is  a  more  powerful  unit  of  govern- 
ment than  the  two  counties  it  replaced.  Within  the 
Niagara  River  Area  of  Concern  lie  the  cities  of  Niagara 
Fails  and  Welland,  the  Town  of  Fort  Erie,  significant 
portions  of  the  towns  of  Pelham  and  Niagara -on -the- 
Lakeand  the  townships  of  West  Lincoln  and  Wainfleet, 
and  small  portions  of  the  City  of  Port  Colbome  and  the 
Town  of  Thorold.  The  City  of  Su  Catharines  and  the 
towns  of  Grimsby  and  Lincohi  are  outside  of  the  Area 
of  Concern;  however,  due  to  the  mobility  and  regional 
nature  of  the  labour  force,  residents  of  these  areas  work 
within  the  AOC  and  some  residents  of  the  AOC  work 
outside  the  area.  Their  socio-economic  picture  is  di- 
rectly or  indirecUy  related  to  the  Region  as  a  whole™. 


*nie  Region  is  responsible  for  activities  which 
benefit  more  than  one  area  municipality  or  which  re- 
quire a  large  scale  to  be  most  effective  or  economi- 
cal'", including:  health,  welfare,  police  and  social 
services  subject  to  Provincial  control.  In  other  areas 
such  as  planning  and  public  works,  the  Region  and 
local  municipalities  have  split-jurisdiction,  both  hav- 
ing responsibilities  in  these  areas.  In  water  and  sewer 
areas,  the  local  municipalities  supply  water  and  pro- 
vide sewage  collection  but  the  Region  manages  all 
water  filtration  plants  and  water  pollution  control 
plants  as  well  as  main  trunks  and  pumping  stations'". 
Within  the  Region,  residential,  commercial  and  indus- 


trial assessments  have  steadily  increa^d  over  the  past 
5  years  to  support  the  municipalities  in  these  pro- 
grams"' . 


The  population  of  the  Region  of  Niagara  is  cur- 
rently estimated  at  385,400  (1991  assessment)'**,  up 
some  15,000  from  the  1986  census  of370,130(apopu- 
laiion  density  of  200/km^).  In  another  source,  provin- 
cial population  projections*"  were  38 1 .680  for  the  year 
1991  and415,110for  the  year  2011.  For  the  year  2000, 
the  projected  population  is  399,010  (51%  female)  with 
53%  of  the  entire  population  between  25  and  64  years 
of  age*".  These  projections  also  show  the  median  age 
of  both  men  and  women  in  Niagara  increasing  from 
32.0  (1987)  to  38.9  (2011)  for  men  and  from  34.5 
(1987)  to  42.2  (2011)  for  women.  These  figures  are 
extr^)Olations  based  on  the  1986  census. 


Trends"'  indicate  thai  the  population  grew  stead- 
ily in  the  sixties  and  seventies  (2400/yr.)  but  levelled 
off  during  the  late  seventies  and  early  eighties  (470/ 
yr.)"^  Population  projections  based  on  assessment 
indicate  that  between  1985  and  1991  the  population 
has  again  started  to  expand  (3050/yr.)"''.  The  1991 
assessment  roles  show  a  4.1%  increase  in  population 
since  the  1986  census***  (Table  3.8).  For  the  most  part, 
this  population  expansion  has  occurred  in  municipali- 
ties along  the  QEW  transportation  corridor. 


3.3.2  The  Economy  of  the  Niagara 
Peninsula 


The  readily  accessible  high-speed  transporta- 
tion corridor  of  the  QEW  is  a  significant  factor  in  the 
Peninsula's  development  over  the  past  4  decades.  It 
places  most  of  the  Area  of  Concern  within  one  hour's 
drive  of  Metropolitan  Toronto  or  Buffalo  and  Western 
New  York.  The  four  road  bridges  over  the  Niagara 
River  are  the  busiest  border  crossings  between  Canada 
and  the  United  Slates.  They  place  Niagara  within  one 
day's  trucking  of  56%  of  theU.S.  industrial  market  and 
more  than  120.000.000  consumers'". 
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The  economy  of  the  Niagara  Peninsula  has  in- 
volved three  sectors,  since  the  development  that  occured 
at  the  turn  of  the  century.  Although  modem  trends 
change  the  balance  of  these  three,  they  co-exist  through- 
out the  Peninsula  These  economic  mainstays  are 
agriculture,  manufacturing  and  tourism.  The  area  is 
caught  between  the  economies  of  its  major  neighbour- 
ing communities'".  To  the  east,  Niagara  and  Erie 
Counties  in  the  U.S.  have  suffered  severe  periods  of 
economic  decline  over  the  past  three  decades.  To  the 
west,  the  expanding  men-opolis  of  the  "Golden  Horse- 
shoe" Toronto  and  Hamilton  is  "suburbanizing"  the 
western  portions  of  the  Niagara  Peninsula.  The 
economy  of  the  Niagara  Peninsula  is  reflected  in  the 
regional  assessment  base.  Tax  assessments  reflect 
growth  and  decline  in  both  residential  and  industrial 
sectors.  Table  3.9  shows  a  levelling  off  of  growth 
between  1985  and  1988  with  a  slight  growth  indicated 
between  1989  and  1990.  The  1990-1992  recession  is 
expected  to  halt  the  weak  growth  pattern  once  again  as 
indicated  in  the  marginal  assessment  increase  be- 
tween 1889  and  1990. 


TABLE  3.9 


Niagara  Regional  Assessment  Base 

(1986-1990) 

Regional  Assessment  (Million  $) 

Year 

Regional 
Total 

Industrial 

Residential 

1986 

895 

309 

587 

1987 

910 

311 

599 

1988 

926 

310 

616 

1989 

1013 

371 

642 

1990 

1045 

379 

654 

source:  NRDC  (sec  rcf  851) 

The  development  of  Niagara  mirrors  the  devel- 
opment of  Canada  on  a  smaller  scale.  Until  the  second 
half  of  this  century,  Niagara,  like  Canada,  was  viewed 
as  vast  land  area  with  limitless  resources.  In  the 
1970's,  people  started  coming  to  the  realization  that 
these  resources  are  both  limited  and  fragile;  these 
limits  have  been  reached  and  in  some  cases  are  dimin- 
ishing. As  in  the  rest  of  Canada,  there  is  a  strong 
dependency  between  these  resources  and  our  activi- 
ties to  the  extent  that  they  are  often  in  conflict*". 
Regional  and  Municipal  Official  Plans  attempt  to 
resolve  these  conflicts  but  the  pressures  remain.  One 
of  the  most  serious  and  potentially  far-nsaching  con- 
flicts in  the  1990's  is  the  development  (and  loss)  of 
farmland  throughout  the  peninsula  (particularly  those 
operations  involving  lender  fruit  production). 


Within  the  Niagara  River  (Ont.)  ACX:.  the  1985 
income  per  household  was  S33.938'".  Based  on 
Revenue  Canada  information,  there  was  a  25.5%  in- 
crease in  this  income  between  1985  and  1988.  Using 
a  figure  of  8.0%  increase  in  income  per  family/unat- 
tached in  Ontario  for  1988-89  and  a  10.1%  increase  in 
the  consumer  price  index  between  1989  and  1991.  the 
estimated  income  per  household  in  Niagara  for  1991  is 
S50,600'«'. 


3.3  J  Agriculture 


Niagara  has  been  known  for  many  years  for  the 
production  of  grapes  and  tender  fhiit  for  markets 
provincially  and  across  the  country.  Although  most  of 
this  fruit-growing  area  is  outside  the  Niagara  River 
Area  of  Concern,  a  portion  is  found  inside,  along  the 
northern  edge  of  the  AOC.  The  vast  portion  of  die 
agricultural  area  of  the  Welland  River  basin  is  more 
diverse  than  the  area  below  the  escarpment,  extending 
into  all  aspects  of  agriculture,  especially  row  crops  and 
livestock.  Agricultural  development  grew  to  impor- 
tance in  the  late  I800's  and  peaked  in  1911  when  an 
estimated  340.000  acres  was  in  agricultural  produc- 
tion. This  acreage  had  decUned  to  approximately 
307,000  acres  by  1941,  predominantly  through  loss  of 
field  crop  area  in  the  former  Welland  (Zounty.  Since 
1941,  the  acreage  has  generally  continued  to  dechne 
(272.000  in  1951.  239,000  in  1961,  211,000  in  1971 
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and  219,000  in  1981)'"-«».  The  1991  census  is  nol  yet 
available;  however,  indications  are  that  the  decline  has 
continued  and  that  the  major  impact  has  been  in  the 
acreage  under  tender  fruit  crop. 

The  number  of  farms  in  the  peninsula  has  also 
continually  declined  from  5.828  in  1941  to  3,512  in 
1981*".  The  trend  lo  fewer  and  larger  farms  is  also 
likely  to  continue  through  the  1991  census.  The 
decline  in  both  acreage  (29%)  and  number  of  farms 
(40%)  reflects  the  agricultural  trends  country-wide. 
The  decline  in  the  number  of  farms  has  not  been  as 
great  in  Niagara  as  nationally;  this  has  been  attributed 
lo  the  high  proportion  of  part-time  farming  in  Niagara 
which  is  less  influenced  by  fluctuations  in  the  general 
economy  than  full-time  farming*".  The  changes  in 
agriculture  are  not  simply  associated  with  urbaniza- 
tion but  are  the  result  of  a  complex  interaction  of 
socio-economic  factors.  The  reduction  in  acreage  of 
improved  land,  market  gardens,  orchards  and  field 
crops  of  20  to  30  percent  resulted  in  the  removal  of 
some  88,000  acres  from  production  between  1941  and 
1981*".  In  contrast  the  acreage  under  grape  produc- 
tion, greenhouse  operations  and  feedlot  operations 
increased  during  the  same  period.  Intensive  livestock 
operations  form  the  largest  part  of  the  agricultural 
economy  in  the  peninsula,  particularly  pork  and  poul- 
try and  lo  a  lesser  extent,  beef.  These  operations  are 
often  part-time  and  frequently  are  connected  with 
field  crop  production  as  the  manure  generated  forms  a 
prime  source  of  fertilizer  for  the  crops. 

The  global  'greenhouse  effect'  may  have  con- 
tributed to  a  changing  climate  in  the  Niagara  Penin- 
sula, a  climate  already  mild  compared  to  the  remain- 
der of  Canada.  The  mild  climate  benefits  both  live- 
stock and  greenhouse  operations,  in  reducing  heating 
costs,  a  large  portion  of  operating  costs  for  these 
operations.  This  temperate  climate  has  resuhed  in  a 
four-fold  expansion  of  the  greenhouse  industry  in 
Niagara  between  1961  and  1981  toO.57  million  square 
metres  (6.1  million  square  feet)*".  This  rapid  expan- 
sion, more  than  double  the  provincial  average,  has 
occurred  predominantly  north  of  the  escarpment  (to- 
wards Lake  Ontario)  and  reflects  the  intensification  of 
Niagara's  agricultural  industry.  This  activity  is  spe- 
cialized, capital  and  labour  intensive. 


Fruit  and  grape  production  receive  the  most  at- 
tention in  Niagara.  They  account  for  about  80%  of 
Canada's  grape  area,  almost  90%  of  Ontario's  peach 
acreage  and  75  to  85%  of  the  province's  cherries, 
pears  and  plums'^.  Nevertheless,  the  fruit  industry  in 
Niagara  has  been  declining  over  the  past  two  decades 
and  the  industry  has  shifted  in  the  varietals  used  and 
the  methods  employed  for  planting  and  harvesting. 
Peach  production  is  likely  to  continue  to  be  stable; 
however,  other  tender  fiaiits  will  likely  continue  to 
decline.  Grape  acreage  stabilized  in  1 97 1 .  but,  changes 
over  the  next  decade,  in  varieties,  planting  density  and 
harvesting  methods  significantly  increased  production. 
By  1983,  the  number  of  vines  in  production  increased 
lo  some  14  million  and  new  varieties  accounted  for 
42%  of  the  harvest'^.  Some  of  the  crop  surpluses  that 
have  resulted  have  been  purchased  by  government  to 
protect  the  industry. 


Agriculture  is  traditionally  susceptible  to  price 
fiuctuations  in  the  marketplace,  variable  interest  rates 
and  the  cosl-price  squeeze  on  the  producer.  In  addi- 
tion, a  reduction  in  processing  facilities  and  the  resull- 
ani  decline  in  food  processing  capacity  has  affected 
the  tender  fruit  industry  by  reducing  the  available 
market*"  for  the  industry's  products.  Trade  policies, 
including  the  GATT  and  the  Free  Trade  Agreement 
with  the  United  States,  have  altered  tariff  levels  and 
the  degree  of  protection  permitted,  which  in  turn  is 
having  a  serious  impact  on  the  agricultural  industry. 
The  differences  in  climate  between  Canada  and  the 
United  States  also  contribute  to  an  imbalance  in  the 
grape  and  fruit  production  capabilities  which  is  now 
being  further  stressed  by  the  ongoing  tariff  changes. 
Additionally,  the  sale  of  subsidized  European  v/ine 
has  depressed  wine  prices  and  contributed  lo  the  grape 
surplus  in  recent  years'". 


An  additional  factor  in  the  decline  of  farmland  is 
the  development  of  agricultural  land  as  residential  or 
industrial.  This  occurred  rapidly  in  the  I950's  when 
agricultiu"al  land  was  considered  as  undeveloped  ur- 
ban area  rather  than  as  a  resource.  Although  official 
plans  now  restrict  this  activity  somewhat,  the  develop- 
ment of  farmland  still  continues  and  is  a  substantial 
issue  in  this  decade.  While  the  loss  of  land  to  urbani- 
zation is  serious,  urban  encroachment  through 
severances  and  the  introduction  of  alien  uses  may  be 
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more  significant  by  raising  property  values,  making 
future  expansion  difficult  and  often  resulting  in  costly 
changes  in  farming  practices  or  crop  losses. 


Competition  also  occurs  within  the  agricultural 
community  as  vineyards  displace  orchards  and  green- 
house operations  displace  both.  In  the  area  south  of  the 
escarpment  within  the  northern  portions  of  the  Area  of 
Concern,  grapes  have  already  displaced  com  and  grain 
in  some  operations. 


There  has  long  been  recognition  of  the  signifi- 
cance of,  and  the  need  for,  protecting  Niagara's  agri- 
culture, particularly  the  less  stable  fruit,  grape  and 
general  agriculture.  This  protection  did  not  occur  until 
the  1970's  with  the  development  of  the  Region  of 
Niagara's  Official  Plan,  supported  by  citizen  interest 
and  the  Provincial  Ministry  of  Agriculture  and  Food. 


The  well-being  of  Niagara's  agriculture  relies 
on  the  continued  support  of  the  various  levels  of 
govemmeni  but  the  future  use  of  the  land  for  agricul- 
ture is  not  guaranteed.  The  well  being  also  relies  on 
the  fanners  having  an  opporuinity  to  make  a  reason- 
able living  in  this  business.  The  competition  for 
available  land  is  slanted  towards  developers  who  can 
afford  to  pay  more  than  farmers  for  the  same  parcel. 
There  is  increasing  concern  in  1991  that  the  squeeze 
between  high  investment  cost  and  low  return  is  creat- 
ing a  serious  problem  for  the  farmer.  This  is  being 
further  aggravated  by  the  removal  of  tariffs  on  foreign 
produce  and  the  elimination  of  protection  for  domes- 
tic production  to  the  point  where  agriculture  is  becom- 
ing non-viable  in  this  area. 


There  is  still  opportunity  for  agricultural  growth 
in  the  Niagara  area,  even  in  grape  and  peach  produc- 
tion which  can  be  compatable  with  urban  and  indus- 
trial growth.  Niagara's  agriculture  is  changing,  it  is 
intensifying  and  specializing  in  response  to  social  and 
economic  change.  The  maintenance  and  expansion  of 
farming  can  continue,  but  only  under  suitable  eco- 
nomic conditions,  a  reasonable  certainty  of  future 


viability  and  a  respectable  financial  return.  If  these 
factors  do  not  occur,  the  agricultural  industry  will 
disappear. 


3.3.4  The  Manufacturing  Industry 


The  manufacturing  industry  in  Niagara  was  ini- 
tially established  around  the  availability  of  cheap 
electrical  power,  the  major  land  and  water  transporta- 
tion routes  and  rail  corridors'".  Over  recent  decades, 
these  factors  have  decreased  in  importance.  Cheaper 
electricity  has  disappeared  with  the  equalization  of 
rates  across  the  province.  The  Welland  Canal  is  now 
a  route  rather  than  a  destination  on  the  St.  Lawrence 


TABLE  3.10 

Comparison  of  Unemployment  Rates 
in  Niagara 

Percent  Unemployment 

Year 

Niagara 
CMA* 

Ontario 

Canada 

1981 

9.7 

6.6 

7.6 

1982 

13.8 

9.8 

11.0 

1983 

15.8 

10.4 

11.9 

1984 

11.1 

9.1 

11.3 

1985 

11.1 

8.1 

10.6 

1986 

9.9 

7.0 

9.6 

1987 

9.4 

6.2 

9.1 

1988 

6.5 

5.1 

7.7 

1989 

7.2 

5.2 

7.5 

1990 

7.4 

63 

8.1 

1991  (lo 
July  1991) 

12.2 

9.7 

10.7 

source:  Suis  Can  CaL71-O01P 

*CMA  ■  Cinadian  Manufacturing  Associalion 
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Seaway  system  and  other  modes  of  transportation  have 
replaced  the  railways  in  Southern  Ontario.  Where  the 
QEW  once  was  the  only  high  speed  corridor  in  the 
province,  many  such  corridors  now  exist,  each  repre- 
senting a  major  competing  axis  of  provinciaJ  deveiop- 
menL  Changing  technologies  and  economic  condi- 
tions have  changed  lifestyles  over  the  past  three  dec- 
ades; education  and  training  facilities  along  with  rec- 
reation and  leisure  facilities  have  become  more  im- 
portant 10  society  as  a  whole. 


Since  1945,  there  have  been  seven  recessions  in 
Canada,  the  seventh  currendy  underway.  In  the  sixth 
such  recession  in  the  early  1980's,  Niagara  was  more 
deeply  affected"'  with  unemployment  levels  4  lo  5 
percentage  points  higher  than  either  the  provincial  or 
national  average  (Table  3.10). 


The  rate  of  recovery  in  the  Niagara  area  also 
seems  to  be  greater;  in  1984,  ii  was  led  by  a  strong 
rebound  in  the  automotive  sector  which  accounted  for 
25.1%  of  the  manufacturing  jobs  in  1989  (Table  3.11). 


TABLE  3.11 


Major  Manufacturing  Sectors  (1989) 

Sector 

Proportion 

Automotive 

25.1% 

Metal  Fabricating 

14.4% 

Food  and  Beverage 

8.9% 

Primary  Metal 

8.7% 

Transportation 
(Marine/ Aerospace) 

6.8% 

Machinery 

5J% 

source:  RMON  (see  ref  851) 

Employment  in  Niagara  has  traditionally  relied 
on  the  transportation  equipment  and  related  products 
industries'".  Niagara's  industry  closely  follows  that 
of  the  neighbounng  communities  of  Buffalo  and  Ham- 
ilton which  rely  on  large-scale  manufacturing  opera- 
tions established  at  the  turn  of  the  century  to  take 
advantage  of  regional  feauires  which  are  no  longer 
applicable.  These  indusuies  include  transportation 
equipment,  iron  and  steel  and  metal  fabricatmg, 
abrasives,  paper  products  and  chemical  manufactur- 
ing. Most  of  these  industries  are  now  experiencing 
massive  structural  economic  change  involving  partial 
or  complete  shutdowns  and  restructuring.  Although 
this  post-industrial  transformation  is  having  a  signifi- 
cant effect  on  the  economy  of  the  Niagara  area,  it  is 
necessary  for  the  long-term  viability  of  industry  in  the 
area.  This  change  is  towards  tertiary  (small  business) 
and  quaternary  (service  mdusiry)  economic  activi- 
ties"'. 


This  past  reliance  on  a  narrow  manufacturing 
segment  in  a  mature  industrial  base  has  been  an  unsta- 
ble factor  in  the  demand  and  supply  of  labour  in  the 
peninsula.  The  employment  picture  is  further 
destabilized  by  the  seasonal  employment  nature  of  the 
region's  agriculture,  tourism  and  water  transpcmation 
industries.  Niagara  is  attempting  to  diversify  its  manu- 
facturing and  develop  a  more  competitive  manufac- 
turing base.  The  short  term  costs  are  reflected  in  high 
unemployment""  (Table  3.10);  however,  it  is  hoped 
that  this  natural  and  necessary  transformation  will  be 
to  Niagara's  long-term  economic  benefit. 


As  the  nature  of  industry  changes,  the  workforce 
is  also  undergoing  change.  The  local  workforce  is 
becoming  very  mobile,  often  working  in  one  commu- 
nity and  living  in  another  (from  24  to  74%  depending 
on  the  community)*".  As  employment  opportunities 
are  redistributed  throughout  the  area,  displaced  work- 
ers are  able  to  secure  new  and  often  different  posi- 
tions. The  workforce  can  be  considered  as  a  regional 
workforce  based  in  a  number  of  interdependent  com- 
munities. There  is  also  a  portion  of  the  workforce 
living  in  and  around  Fort  Erie  which  works  in  the 
Buffalo  area  of  New  York  State. 
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The  economic  developmeni  "megatrend"  of  a 
shift  towards  tertiary  industry  such  as  community  serv- 
ices, small  business,  retail  and  wholesale  trade  and 
other  commerce  has  been  experienced  in  the  Niagara 
area  during  the  last  four  decades.  Between  1951  and 
1989,  a  major  trend  has  appeared  in  an  increasing  rate 
of  job  creation  in  the  tertiary  sector.  In  1981,  the 
service  sector  surpassed  the  manufacturing  sector  in 
the  percentage  of  the  workforce  employed  in  the 
Niagara  area  (Table  3.12). 

TABLE  3.12 


Service  Industry  Base  (1989) 

Service  Industry  Type 

Employment 

Legal  Services 

743 

Architectural/Engineering 

1464 

Accounting 

626 

Customs  Brokerage 

546 

Computer  Services 

169 

source:  RMON  (see  ref  851) 

TABLE  3.13 


Size  of  Niagara's  Manufacturing 
Industries  Based  on  Employment 

Number  of  Employees 

Year 

<SQ 

51- 
100 

101- 
200 

>200 

Total 

1980:                                                                      1 

#  Firms 
#Jobs 

528 
7009 

51 
3589 

37 
4775 

42 
31840 

658 

47213 

1985: 

#  Firms 

#Jobs 

669 
8672 

59 
4164 

38 

5438 

36 
25615 

802 
43889 

Data  showing  the  switch  from  large  scale  manu- 
factming  to  small  business  also  reveals  that  virtually  all 
of  the  net  job  creation  over  the  period  1980-1985 
occurred  in  businesses  with  less  than  50  employees 
(Table  3.13).  This  movement  results  in  smaller  scale 
plants  with  more  capital-intensive  manufacturing.  The 
number  of  small  businesses  in  Niagara  increased  in  the 
early  1980's  while  the  number  of  larger  manufacturers 
decreased  over  the  same  period  (Table  3.14). 


Goods  and  services  produced  in  Niagara  are  also 
exported  to  other  areas.  These  contribute  to  the  re- 
gion's income  and  employment. 


The  trend  towards  expansion  in  tertiary  industry 
appears  to  have  continued  during  the  1980's"';  how- 
ever, a  new  phenomenon,  "cross-border"  shopping  by 
the  residents  of  the  Niagara  area,  may  be  having  a 
profound  effect  on  Niagara's  tertiary  business  indus- 
tries, particularly  during  the  1990-92  recessionary  pe- 
riod. This  exodus  of  money,  spent  in  New  York  rather 
than  Ontario,  may  be  severely  impairing  Ontario  busi- 
ness, particularly  in  the  Niagara  Peninsula  and  may 
seriously  damage  the  small  business  sector  if  the  trend 
continues. 


TABLE  3.14 


Number  of  New  Manufacturing 
Industries  in  the  Niagara  Region 

Year 

#  of  New 
Industries 

#  of  New 
Jobs 

Total  #  of 
Jobs 

1986 

27 

502 

45690 

1987 

32 

728 

45089 

1988 

26 

283 

47726 

1989 

17 

324 

49149 

1990 

12 

230 

47228 

1991* 

6 

83 

45243 

*  10  2iKl  (Quarter  1991 

source:  Summer  1991  Business  Directory  Update 
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3.3.5  Tourism  and  Development 


Since  the  turn  of  the  century,  the  Falls  at  Niagara 
have  attracted  millions  of  tourists  each  year  into  the 
Niagara  Region.  Today,  tourism  in  the  area  has  reached 
more  than  ten  million  visitors  per  year,  making  Niagara 
Falls  THE  largest  tourist  attraction  in  Ontario  and  one 
of  the  largest  in  North  America.  An  important  fact  is 
that  tourism  worldwide  has  been  one  of  the  growth 
industries  in  recent  years  and  tourism  is  big  business. 
The  trend  towards  expansion  of  tourism  is  related  to  a 
number  of  social  and  economic  factors;  increased  lei- 
sure time,  a  large  population  of  senior  citizens,  more 
disposable  income,  improved  transportation,  higher 
levels  of  education  and  a  greater  interest  in  our  sur- 
roundings. 


The  primary  attraction  for  almost  every  visitor  is 
the  combination  of  the  Horseshoe  and  American 
Falls'".  The  majority  of  people  (70%)  make  day  trips 
10  the  Niagara  Falls  and  stay  an  average  of  four  hours. 
The  majority  of  these  visitors  to  Niagara  Falls  (44%) 
are  from  the  United  States;  43%  are  from  Ontario. 
Most  tourists  (80%)  are  repeat  visitors  coming  from 
Ontario.  New  York  Slate,  and  Pennsylvania.  The 
population  in  the  Great  Lakes  basin  is  expected  to 
stabilize  over  the  next  two  decades  and  therefore  the 
market  of  the  future  either  will  be  in  other  areas  or 
more  will  have  to  be  done  to  attract  the  existing 
market. 


Niagara  Falls  annually  receives  as  many  visitors 
as  Disney  World  in  Orlando,  Rorida.  While  most 
tourists  come  to  see  the  Falls,  many  visitors  who  stay 
in  Niagara  Falls  at  least  overnight  also  participate  in  a 
wider  range  of  activities  while  in  the  area  (golfing, 
shopping,  dining,  etc.).  However,  the  Niagara  Falls 
visitors  do  not  stay  as  long  or  spend  nearly  as  much 
money  as  Orlando  tourists  do.  Only  30%  of  Niagara 
tourists  stay  more  than  one  day  compared  to  90%  of 
Orlando  tourists"*.  These  ovemight  visitors  are  likely 
to  be  any  age  from  15  to  over  60"*'.  Generally,  these 
people  have  had  to  travel  farther  than  single  day 
visitors  and  their  trips  are  usually  motivated  by  gen- 
eral pleasure  and  sightseeing.  Of  these  long-term 
visitors,  the  average  length  of  stay  in  Niagara  is  1.5 


nights  whereas  the  average  length  of  stay  in  Orlando  is 
just  under  6  nights.  In  Niagara  Falls,  S22  is  spent 
during  the  average  day  trip  while  $1 16  is  spent  during 
the  average  ovemight  trip;  hence,  it  is  easy  to  under- 
stand why  the  tourist  industry  is  working  to  increase 
the  visitor's  length  of  stay.  Accordingly,  if  90% 
(rather  than  30%)  of  Niagara  Falls'  visitors  were  to 
stay  the  typical  1.5  nights,  it  would  double  annual 
visitor  spending  to  almost  one  billion  dollars.  The 
focus  for  promotion  of  Niagara  tourism  has  to  be  split 
between  attracting  people  who  have  not  been  here 
before  and  keeping  visitors  longer  in  the  Niagara 
area*'^. 


There  are  a  number  of  factors  which  influence 
the  tourism  market.  The  makeup  of  society  is  chang- 
ing. Most  tourists  in  the  traditional  sense  are  in  the 
older  age  groups.  With  decreases  in  the  average 
family  size,  a  considerable  number  of  hotidays  are 
organized  trips,  oriented  less  to  children  and  are  taken 
in  the  'shoulder-seasons';  fall  and  spring.  In  addition, 
with  many  families  having  two  working  parents,  vaca- 
tions are  mcxe  weekend  getaways  due  to  the  difficulty 
of  both  people  getting  away  at  the  same  time.  The 
most  important  factor  is  that  people  demand  value  for 
money.  Particularly  in  tough  economic  times,  the 
consumer  demands  high  standards  of  service.  If  peo- 
ple are  not  satisfied,  they  will  not  come  back  nor  will 
they  recommend  the  area  to  others;  in  fact,  if  dissatis- 
faction is  high,  they  may  recommend  against  the  area. 


The  majority  of  single  day  visitors  to  the  Nia- 
gara area  spend  their  time  enjoying  the  area  and 
facilities  around  the  Falls.  Typical  single  day  tourists 
to  Niagara  Falls  tend  to  be  aged  40  or  older  and  their 
trips  are  much  more  likely  to  be  motivated  by  personal 
errands  (ie.  shopping,  visiting  friends  or  family,  etc.) 
than  a  specific  trip  to  the  Falls. 


It  is  easy  to  understand  how  the  community  of 
Niagara  Falls  could  be  overwhelmed  by  tourism  when 
more  than  ten  million  people  visit  annually.  In  the 
past,  tourism  was  largely  taken  for  granted  by  the 
average  Niagara  Falls  resident  and  has  even  been  a 
point  of  some  aggravation  to  some.  Only  recentiy,  as 
tourism  has  stagnated  in  the  Niagara  Region,  or  even 
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declined,  has  Oie  community  begun  to  fully  realize  the 
beneficial  economic  impact  that  tourism  has  had  on  the 
Niagara  area  in  general  and  on  the  Niagara  tourist 
industry  in  particular.  A  deeper  understanding  of 
tourism,  based  on  a  shift  in  the  Niagara  work  force 
towards  the  service  industry,  seems  to  be  lending  itself 
to  an  increased  spirit  of  cooperation  between  die 
community  and  the  tourist  industry.  The  city  and  die 
citizens  of  Niagara  Falls  stand  to  benefit  from  this 
cooperation'",  as  tourist  revenues  subsidize  the  costs 
of  many  municipal  services  to  the  community.  Every 
motel/hotel  room  generates  as  much  income  for  the 
municipality  as  a  three  bedroom  bungalow. 


A  report  prepared  by  the  Ministry  of  State  for 
Tourism  has  established"*  a  classification  system  for 
Canada's  tourist  attractions  based  on  uniqueness,  com- 
petitiveness and  stage  of  development.  Categories 
are: 

A)  unique  or  superior  world-class  attractions 

B)  quality  attractions  compedtive  with  similar 
North  American  attractions 

C)  attractions  competitive  within  Canada 

D)  local  recreation  attractions. 


Development  categories  are: 

Immature  -a  primitive  attraction  widi  lack  of 
service  infrastructiu'e 

Developing  -developed  attraction  needing  sec- 
ondary visitor  services 

Developed  -fully-serviced  attracticm  needing 
maintenance 

Declining  -attraction,  infrastructure  and  serv- 
ices have  deteriorated  due  to  lack  of  main- 
tenance or  a  failure  to  address  changing 
market  requirements  and  major  revitaliza- 
tion  is  required. 


In  1985  this  report  positioned  Niagara  Falls  in 
category  A  •  Declining'".  Such  areas  are  "on  the 
downside  of  their  product  cycle.  Indeed,  substantial 
development  or  restoration  is  required,  including  new 
or  renovated  hotels  and  restaurants,  additional  visitor 
services  and  new  recreational  activities  or  changes  in 
product  availability,  to  enable  them  to  attract  and  sat- 
isfy the  number  of  visitors  they  have  accommodated  in 
the  pasL" 


Tourism  has  a  profound  economic  effect  on  both 
the  Niagara  Peninsula  and  the  entire  Province.  Tour- 
ists spend  half  a  billion  dollars  annually  in  the  Niagara 
area,  of  which  over  four  hundred  milhon  comes  from 
outside  of  Ontario'".  More  dian  300  milUon  dollars  of 
this  money  is  retained  in  the  area  and  reinvested 
locally  in  capital  expenses  and  operating  costs  includ- 
ing: employee  wages,  goods,  services  and  taxes  which 
in  turn  are  spread  throughout  the  community  as  work- 
ers and  support  industries  purchase  goods  and  receive 
services.  Tliis  economic  trickle-down  effect  is  vast 
and  complex  and  is  central  to  the  economy  of  the 
entire  Niagara  Falls  area. 


Every  year,  tens  of  millions  of  tourist  dollars 
also  flow  through  Niagara  Falls  to  the  rest  of  Ontario, 
leaving  the  local  economy  in  the  form  of  payment  for 
goods/services  not  generated  locally  in  Niagara 
Falls'".  In  addition  to  these  direct  economic  impacts. 
there  exist  numerous  indirect  benefits  to  industries 
which  support  and/or  complement  Niagara  tourism.  It 
is  estimated  that  this  tourist  trade  generates  an  addi- 
tional 175  million  dollars  annually  outside  of  Niagara 
Falls.  In  addition,  spinoff  tourism  revenues  in  other 
parts  of  the  Province  are  directly  influenced  by  people 
drawn  to  Ontario  by  Niagara  Falls  who  remain  to 
enjoy  die  many  odier  attractions'"  that  the  Province 
has  to  offer.  Some  of  these  are  in  neighbouring  areas 
of  die  Peninsula.  The  tourist  industry  and  government 
have  attempted  to  develop  die  Welland  Canals  as  a 
major  tourist  initiatilve  over  the  decade  of  the  80*s.  It 
is  most  beneficial  to  link  tourism  with  other  segments 
of  Niagara  society.  The  introduction  and  promotion  of 
blossom  festivals,  winery  tours,  grape  and  wine  festi- 
vals, peach  festivals  and  pick-your-own  activities  not 
only  contribute  to  Niagara's  tourism,  they  also  support 
Niagara's  agriculture  industry. 
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While  "tourism"  generally  equates  to  holidayers. 
it  does  not  exclusively  refer  to  this  segment  of  society. 
Tourism  should  also  incorporate  people  who  come  to 
the  Niagara  area  for  recreational  enjoyment  of  the 
river.  This  includes  not  only  visitors  from  oul-of-lown 
but  also  local  citizens  and  regional  residents  who 
come  to  enjoy  the  river.  Most  of  these  people  do  not 
come  for  ihe  view  from  Table  Rock  but  for  other 
things  that  the  river  has  to  offer. 


Residents  and  visitors  make  considerable  use  of 
the  river's  resources;  the  Niagara  is  widely  known  and 
used  for  fishing  and  bird  watching.  These  individuals 
and  parties  make  considerable  use  of  the  river's  re- 
sources and  contribute  significantly  to  the  industry 
and  economy  of  the  Niagara  area.  There  is  concern 
over  the  ability  of  these  river  users  to  access  the  re- 
source; provision  must  be  made  to  address  this  in  long- 
term  planning. 


The  lands  surrounding  the  Falls  of  Niagara  on  the 
Canadian  side  are  publicly  owned.  Since  1885.  some 
60  hectares  of  parkland  next  to  the  Horseshoe  Falls 
have  been  maintained  and  developed  by  the  Niagara 
Parks  Commission  (NPC),  a  self-supporting  agency, 
now  part  of  the  Ontario  Ministry  of  Tourism  and  Rec- 
reation. The  NPC  has  also  accumulated  shoreline 
lands  from  Fort  Erie  lo  Niagara-on-the-Lake  and  cur- 
rently manages  more  than  1200  hectares  of  parkland 
including  a  number  of  significant  natural  and  historical 
sites.  These  sites  augment  the  spectacle  of  Niagara 
Falls  in  attracting  visitors  lo  the  Niagara  area.  The 
Niagara  Parks  Commission  as  well  as  being  the  major- 
ity property  holder,  in  trust  for  the  citizens  of  the 
Province,  is  also  one  of  the  largest  employers  in  the 
area. 


Over  the  past  few  years,  the  tourism  industry  in 
Niagara  has  started  to  address  the  concerns  presented 
in  the  Ministry  of  State  for  Tourism  report  The  hotel 
industry  has  undergone  and  continues  to  undergo  reno- 
vation and  expansion  of  accommodation  and  ancillary 
services.  The  City  of  Niagara  Falls  is  working  with 
the  Niagara  Parks  Commission  and  the  Regional  De- 
velopment Commission  to  improve  Niagara's  image 
and  promote  their  attractions.  More  and  varied  attrac- 


tions are  being  added  to  draw  the  tourist  to  Niagara. 
The  season  has  been  extended  into  the  winter  period 
with  the  Festival  of  Lights. 


In  1988.  the  NPC  prepared  a  long-term  plan*" 
which  presented  its  views  on  tourism  and  the  direction 
of  future  development  in  the  parklands  it  administers. 
The  NPC's  strategy  is  to  provide  facilities  which 
enhance  the  Niagara  Falls  panorama  in  attracting 
toiuists  to  the  area  and  more  importantly  in  prolonging 
their  visit  to  Niagara.  The  NPC  is  working  with  the 
City  of  Niagara  Falls  and  Oie  Towns  of  Niagara-on- 
the-Lake  and  Fort  Erie,  to  get  more  tourists  to  enjoy  a 
longer  stay  in  the  Niagara  area.  Currently,  many 
visitors  to  the  parks  system  only  journey  here  to  view 
the  Falls  from  Table  Rock.  The  NPC  hopes  to  make 
Table  Rock  just  one  of  many  highlights  along  the 
Niagara  River. 


The  Niagara  Parks  Commission's  plan  involves 
the  creation  of  a  scries  of  points  of  interest  along  the 
Niagara  River  upstream  and  downstream  of  Table 
Rock**.  To  create  these  points,  the  NPC  intends  to 
revitalize  and/or  enhance  existing  parklands  and  at- 
tractions, in  addition  to  developing  and  acquiring  new 
attractions.  These  points  would  consist  of  interpretive 
displays,  focusing  on  local  natural  and  geological  his- 
tory, local  prehistory  and  the  history  of  man  in  Nia- 
gara. These  would  be  linked  by  a  promenade  to  create 
a  discovery  trail,  intended  to  guide  and  promote  the 
flow  of  pedestrian  traffic.  Within  the  discovery  trail 
area,  the  commission  would  incorporate  tourist  infor- 
mation centres  which  could  promote  other  attractions 
in  the  region.  This  promenade  could  also  be  designed 
to  encourage  tourists  to  visit  other  attractions  within 
the  City  of  Niagara  Falls.  Outside  of  the  discovery 
trail,  the  Commission  would  like  to  enhance  tourism 
to  Fort  Erie  and  Fort  George.  The  intent  of  the  NPC  is 
to  maximize  the  use  of  these  and  other  historical  sites 
within  its  care. 


The  NPC's  stated  objective  is  to  maintain  the 
world's  perception  of  Canada  as  a  place  of  natural 
beauty,  largely  untouched  and  unspoiled  by  human 
developmenL   The  current  plan  for  the  future  of  the 
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Niagara  Parks  system  attempts  to  strike  a  balance  be- 
tween nature  and  development,  while  maintaining  its 
mandate  of  self- funding"*". 


There  is  concern  in  the  local  environmental  com- 
munity, especially  among  members  of  the  Niagara 
River  PAC  that  development  of  Niagara  Parks  Com- 
mission property  is  not  reflecting  the  desires  nor  the 
concerns  of  Niagara-area  residents.  The  plan,  as  out- 
lined, has  been  strongly  criticized  by  PAC  members  as 
an  engineered  spectacle  where  most  attempts  to  im- 
prove use  by  tourists  results  in  "manicuring"  of  the 
environment  in  the  interests  of  attracting  tourists.  This 
"engineered  environment"  is  felt  by  the  local  pubhc  to 
detract,  in  some  cases  strongly,  from  the  natural  envi- 
ronment along  the  Niagara  River.  Strong  excepticHi 
has  been  taken  to  the  creation  of  an  artificial  ecosystem 
on  NPC  parkland.  While  artificial  environments  may 
be  the  only  reasonable  development  in  high  traffic 
areas,  there  is  concern  over  the  use  of  artificial  land- 
scaping in  all  areas.  PAC  members  feel  that  loo  much 
of  the  area  which  could  and  should  either  be  allowed  to 
regenerate  naturally  or  be  cultivated  with  native  spe- 
cies, is  not  being  allowed  to  do  so,  nor  is  such  a 
consideration  being  actively  considered  by  the  NPC. 


There  is  increasing  concern  over  the  need  to 
preserve  existing  aspects  of  Niagara  which  are  part  of 
the  image  which  attracts  tourists.  Development  of 
shorelines,  the  Niagara  Escarpment,  the  Canal  corri- 
dor and  the  fruit  belt  in  an  inappropriate  fashion  could 
seriously  affect  these  resources.  Continued  urban 
expansion  will  likely  encroach  on  the  fruit  belt;  indus- 
inal  development  along  the  Welland  Canal  could 
reduce  its  potential  for  a  landscaped  parkway;  residen- 
tial development  along  the  escarpment  could  reduce 
the  attractiveness  of  the  Bruce  Trail;  and  water  pollu- 
tion can  destroy  the  assets  of  lakeshore  and  river 
locations.  These  issues  must  be  seriously  considered 
in  the  development  of  the  Niagara  area.  In  most  cases. 
Official  Plans  or  Government  Commissions  control 
development  of  sensitive  areas.  The  concerns  of  the 
public  must  be  considered  in  the  deliberation  of  devel- 
opment proposals  to  ensure  that  developing  Niagara's 
resources  does  not  result  in  a  less  desirable  attraction 
for  the  people. 


In  some  cases,  development  for  tourism  pur- 
poses has  been  detrimental  to  the  physical  and  aesthetic 
beauty  of  the  Niagara  River.  Examples  include  the 
construction  of  modem-design  pedestrian  bridges  over 
all  tributaries  to  the  Niagara  and  the  blasting  of  consid- 
erable quantities  of  bedrock  into  the  Niagara  Gorge  to 
construct  a  new  restaurant  The  resultant  "rock  fall" 
was  smoothed  over  and  subsequently  paved  to  make  a 
parking  lot  in  the  Niagara  Gorge. 


Concerns  have  been  identified  by  PAC  members 
over  the  proposed  removal  of  the  upper  levels  of  gorge 
face  and  replacement  by  glass,  steel  and  concrete 
"skybox"  observation  facilities  immediately  north  of 
Table  Rock. 


The  NPC  is  attempting  to  work  together  with  the 
Niagara  municipalities  in  the  setting  of  environmental 
and  development  standards  for  the  areas  near  the 
Falls.  However,  the  major  part  of  this  activity  in- 
volves developmental  compatibility  rather  than  envi- 
ronmental ccmcems.  It  should  be  noted  that  during  the 
environmental  deliberations  by  the  NPC  in  develop- 
ing its  plan,  the  federal  and  provincial  environment 
and  resource  agencies  were  not  consulted.  The  envi- 
ronmental impact  on  the  Niagara  River  has  not  been 
considered  during  development  by  the  Niagara  Parks 
Commission,  the  area  municipalities  (especially  Nia- 
gara Falls  and  Welland)  and  area  industry. 


The  issue  of  SCTvice  quality  directly  impacts  the 
tourism  industry.  A  high  standard  of  service  refiecls 
well  on  the  area  and  visitors  are  likely  to  return  or  to 
recommend  the  experience  to  others.  Similarly,  a  low 
level  of  service  reflects  poorly  and  is  equally  well 
remembered  by  visitors  when  choosing  not  to  return. 
The  tourist  expects  fair  exchange  rates,  high  quality 
cuisine,  reasonable  costs  and  friendly,  efficient  serv- 
ice'". 


Tourists  are  also  part  of  the  problem  faced  by  the 
Niagara  River.  Increased  toiuism  also  increases  the 
demand  for  additional  tourist  and  municipal  services. 
The  redevelopment  of  the  commercial  core  of  Niagara 
Falls  has  resulted  in  a  much  higher  accommodation 
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density  ihan  previously  existed.  This  increase  in  com- 
mercial development  for  tourisi  purposes  could  result 
in  considerable  environmental  problems,  particularly 
for  the  Niagara  River.  Existing  sewage  services  were 
inadequate  to  meet  the  demands  of  the  1970's.  The 
inadequacy  of  Niagara  Fall's  combined  sewer  system 
is  seen  in  the  continuous  and  intermittent  discharge  of 
untreated  sewage  to  the  Niagara  River  both  above  the 
Falls  and  to  the  face  of  the  Niagara  Gorge.  Conse- 
quently, there  is  already  a  need  for  upgraded  water 
mains,  storm  and  sanitary  sewers  and  other  utilities. 
The  projected  higher  density  use  creates  an  even  more 
urgent  need  for  upgrading  of  these  existing  municipal 
services.  The  planning  and  upgrading  of  utihties  must 
precede  tourist  development  or  the  impact  on  the  envi- 
ronment could  be  tremendous. 


The  tourist  industry  in  Niagara  Falls  is  reason- 
ably healthy,  although  some  sectors  of  the  industry  are 
experiencing  difficulty.  Niagara  Falls  would  also  like 
to  increase  tourism  in  the  winter  months.  At  present, 
three  quarters  of  the  tourism  occurs  between  April  and 
September.  The  Niagara  Parks  Commission  plan 
incorporates  this  desire  by  including  ideas  for  winter 
facilities,  programs  and  attractions  intended  to  spread 
the  concentration  of  tourists  throughout  the  year**. 


Development  within  Areas  of  Concern  is  itself  a 
concern.  Society  continues  to  grow  and  the  demand 
for  services  and  housing  continues  in  Niagara  Region 
as  in  the  rest  of  the  Province.  There  is  increasing 
public  concern  over  the  environmental  impact  of  de- 
velopment of  all  types.  This  includes  transportation 
and  utility  corridors,  residential,  institutional  and  in- 
dustrial construction  and  development  of  open  spaces. 
All  development  should  be  self- sustaining  and  have 
no  net  impact  on  the  environment.  There  is  a  growing 
demand  for  development  to  be  conducted  with  mini- 
mal environmental  impact,  indeed,  for  environmental 
mitigation  to  be  an  integral  part  of  any  development. 
Development  that  provides  a  net  gain  to  the  environ- 
ment is  preferable  from  the  perspectives  of  both  the 
environmental  agencies  and  the  general  public.  Before 
these  types  of  judgement  can  be  made,  much  more 
specific  and  detailed  plans  are  required  for  all  develop- 


ment, particularly  adjacent  to  the  Niagara  River.  This 
planning  process  should  undergo  review  by  appropri- 
ate government  agencies  and  have  extensive  commu- 
nity-based support. 
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TABLE  3.4 


Rare  Vascular  Plants  In  the  Niagara  Region                                                                 | 

Common  Name 

Scientific  Name 

Common  Name 

Scientific  Name 

Hemlock  P«rslc>' 

Coniasdinum  thmemc 

Red  MulbCTT>' 

Monjs  rubra 

HarbingCT-of'spnng 

Eripenia  bulbosa 

Yellow  Pond-lily 

Nunhar  advena 

Hairy -jointed  Meadow 
Parsnip 

ThasDium  barbinode 

BlKLk  Gum 

Nvssa  svlvaticH 

Creeping  Fragile  Fcm 

Cvstootcris  crotrusa 

Biennial  Gaura 

Gaura  biennis 

Cherry  Birch 

Beuila  Icnla 

Many -fruited  False 
Loosestrife 

Ludwi(r,ia  polYTJirpH 

Yellow  Groin  well 

LithosDcrmum  lucisum 

Sundrops 

Oenoihcra  fruticosa 

American  Gromwcll 

LjthosDcrmum  latifolium 

Meadow  Sundrops 

Oenothera  piloscjla 

Virginia  Cowslip 

Mcncnsis  vireinica 

Rugulosc  Grapcfem 

Botrvchium  rueulosum 

Hairy- forke^l  Chick  weed 

Parorvchja  fastiEiata 

Moss  Phloit 

Phlo^  subulaia 

Wild  Pouuo-vine 

iDomoea  oandursia 

Halberd- leaved 
Tcar-ihumb 

Polvconum  arifolium 

Field  Dodder 

Cuscuta  campestris 

Erect  Knotwccd 

PolvEOnum  crrcium 

Buucmbush  Dodder 

CuBcuia  cerhalanihi 

Hills  Portdwecd 

Potamocetum  hillii 

Sedge 

Cartx  emmonsii 

Hairy  Bedsiraw 

Galium  oilosum 

Glaucesccnt  Sedge 

Carex  elaucodca 

Mosquito  Fern 

A/olla  caroliniana 

Willdcnow's  Sedge 

C,  willdcmiwii 

Woodland  Fcm- leaf 

Aureolaria  pcdicularia 

Wild  Lupine 

Lumnus  pcrrnnis 

Branching  Bur- reed 

SnarBanium  androcladum 

Chestnut 

Casianeadcniata 

Marsh  Valerian 

Valenana  Silchcnsis 

Pin  Oak 

Oucrcus  Dalustris 

Goose-foot  Corrt- salad 

Valcrianelta 
chcnonodli  folia 

Shumard  Oak 

Oucrcus  shumardii 

Green  Violet 

Hvbanthusconcolor 

Yellow  Harlequin 

Corvdalis  flavula 

Early  Blue  Violet 

Vjol^  pahnaia 

Pignut  Hickory 

Carve  e  ladra 

Birds-foot  Violet 

Viola  pedata 

Big  Shellbark  Hickory 

Carva  lacirviosa 

Sicmlcss  Yellow  Vitriet 

V.  rotundifoIJa 

Tapered  Rush 

Juncusacuminatus 

Spoiled  Wintcrgrcen 

ChimaohJIa  maculaia 

Grass- leaved  Rush 

Juncus  mareinatus 

American  Waier  Willow 

lustica  amcrican 

Purple  Giant  Hyssop 

Aeastachc 

Green  Dragon 

Arisaema  draconunum 

scrophulariifoiia 

Taper-leaved  Buglcwecd 

Lvcopui;  ruhelius 

Hop  Tree 

Plclcatrifoliata 

Oswego  Tea 

Monarda  didvma 

Downy  PaJse  Foxglove 

Aureolaria  virpinica 

Bent  Trillium 

Trillium  flexiDcs 

Virginian  Bancnia 

Bartonia  virgif^ica 

Winged  Loosestrife 

LviJirum  alaium 

Common  Grccnbrair 

Smilaxrotundifo|ja 

Tulip  Tree 

Liriodcndror  mlioifcra 

Wedge  Grass 

Sphcnopholis  niiida 

Cucumber  Tree 

Magnolia  acuminata 

Deerbcrry 

Vaccinium  siamineum 

Swamp  Rose  Mallow 

Hibiscus  moscheatos 

-from  Rare  Vascular  Plants  of  Oniario  -  1987,  National  Museums  of  Canada,  and  the  Endangered  Species  Mapping  Project, 
OMNR,  1989.                                                                                                                                                     ff    f.       }    ^ 
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TABLE      3.5 


Wetland     Evaluations     on     the     Niagara     River     and     Its     Tributaries                          | 

Wetland 

Class 

Area     (ha) 

TDS      mg/L 

Year      assessed 

Niag«™      River      Watenhcd 

Beaver       Creek 

2 

113.6 

629 

1988 

BUck      Creek 

2 

37.2 

266 

1986 

Freocfanuu)        Creek 

3 

4.5 

1121 

1986 

Humberetoae         Manb 

2 

62.8 

170.5 

1984 

Miller       Creek 

3 

17.1 

688.4 

1985 

Lyons      Creek 

1 

150.5 

261.5 

1984 

Lyoni     Creek     Woodlot     #13 

3 

17.2 

123 

1988 

«26 

3 

31.5 

— 

1988 

«36 

«43 

3 
3 

5.0 
4.1 

820 

450 

1988 
1988 

#44 

3 

4.7 

419 

1988 

Nivy      Iiland 

3 

25.8 

250 

1987 

Niagan     Falls     Woodlol     I 

3 

128.1 

790.6 

1986 

Tee      Creek 

2 

IS. 8 

325 

1980 

Welland       River      Wuenbed 

Abingdon          (Noilfawett) 

3 

10.5 

406.3 

1987 

Abingdon      (Southwest)      Mill      Ck 

3 

8.9 

532.5 

1987 

Attercliffe      Station      Slough      Forest 

2 

254 

Balfour     Sumbler     Road     Woodlol 

3 

13.4 

56.4 

1987 

Beaver     Creek     (West     Lincoln) 

I 

61.3 

405 

1988 

Big     Fortes     Creek 

2 

61.5 

337.8 

1986 

Binbiook       CA 

1 

90.9 

318.3 

1985 

Bismaifc      (Noithwest)      Beaver      Ol 

3 

23.4 

166.5 

1987 

Bismuk          (Noithweit) 

3 

9.7 

95.1 

1987 

Paricei's       Creek       Headwalen 

Caistor     Centre     (SE     woodlol) 

3 

12.2 

60 

1987 

Moores      Creek      Tribuurie 
Caistor     Centre     (SW      woodlot) 

3 

25.5 

113.2 

1987 

Mooies       Creek 

Caistor     Centre      (SW     woodlot) 

3 

48.5 

78 

1987 

Mills      Creek      Tributaries 

Caiiior     Centre     (SE     woodlot) 

3 

14.3 

100 

1987 

MUU      Creek      Woodlol 

Caistor     Centre     (N£     woodlol) 

Area    #1 

3 

5.1 

122.1 

1987 

Area    #2 

3 

19.6 

157.5 

1987 

Area     #3 

3 

6.3 

68.3 

1987 

Aiea    #4 

3 

14.8 

190.5 

1987 

Area    #S 

3 

22.4 

306 

1987 

Caistor     Centre      (NW     woodlot) 

3 

12.2 

352.2 

1987 

Moores       Creek 

Caistor     Cmtre     (NW     woodlot) 

3 

26.2 

96.6 

1987 

MilU      Creek 
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TABLE  3.5  (con't) 


Wetland  Evaluations  on  the  Niagara  River  and  Its  Tributaries 

Wetland 

Class 

Area  (ha) 

TDSmgA. 

Year  assessed 

Caistor-Canborough  Slough 

Forest  East 

2 

712 

92.6 

1986 

Centre 

2 

79.5 

92.6 

1986 

West 

1 

35.6 

92.6 

1986 

Chambers  Comen  Gay  Plain 

3 

5.7 

200 

1985 

Chippawa  Creek  CA 

1 

62.6 

121 

1985 

Clemeni  Tract 

2 

66.4 

839.7 

1987 

Ellsworth  Drain  Woodloi 

3 

— 

700 

— 

Fish  Cairier  Tract  #1 

3 

7.2 

393.3 

1987 

Fish  Carrier  Tract  #2 

2 

10.4 

461.5 

1987 

Fish  Carrier  Tract  #3 

2 

15.0 

300 

1987 

Fish  Carrier  Tract  #4 

3 

5.2 

140 

1987 

Grassy  Brook 

3 

7.9 

890 

1988 

Highland  Golf  Course  Woodlot 

2 

20.4 

525.0 

1987 

Little  Forks  Creek 

2 

11.6 

332 

1989 

Little  Forks  Creek  Woodlot 

3 

37.5 

252 

1987 

Marshville  Station  Swamp  (W) 

3 

15.9 

303 

1988 

Marshville  Station  Swanip 

2 

28.1 

152.3 

1985 

Mill  Cicek 

3 

33.1 

825.7 

1987 

Mud  Lake 

3 

50.7 

308.1 

1989 

Niagara  Falls  Woodlot  25 

49.4 

320.2 

1986 

36 

69.7 

288 

1986 

Old  Welland  Feeder  Canal 

2 

40.4 

409.2 

1985 

Ontario  Waste  Managmeni  Area 

3 

9.3 

264.4 

1987 

Oswego  Creek 

2 

85.0 

224.7 

1986 

Parker's  Creek  Headwater 

2 

23.6 

92.6 

1987 

Port  Robinson  Woodlot 

1 

9.1 

693.8 

1987 

Ridgeville  Swamp 

3 

3.6 

267.5 

1985 

Silvcrdale:  Lot  2  Con.  5 

3 

20.6 

316.7 

1988 

St.  Anns  Slough  Forest 

2 

37.5 

88.7 

1985 

Vaughan  Woodlois 

2 

16.1 

107 

1987 

Wainflcet  Maish  (Bog) 

1 

1526.4 

253.4 

1983 
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TABLE  3.5  (con't) 

Wetland  Evaluations  on  the  Niagara  River  and  Its  Tributaries 

Wetland 

Class 

Area  (ha) 

TDSmgA- 

Year  assessed 

WeUand  River  #1 

1 

36.4 

403 

1985 

#2 

1 

34.7 

429.7 

1985 

#3 

2 

30.8 

605.1 

1986 

#4 

2 

104.5 

292.6 

1987 

#5 

2 

Welland  Swamp 

2 

17.8 

230 

1985 

WiUoughby  Marsh 

1 

62.8 

170.5 

1984 

Winslow  Area  #1 

3 

12.1 

92.5 

1987 

Winslow  Area  #2 

3 

15.7 

39.8 

1987 

Winslow  Area  #3 

2 

16.9 

209.9 

1987 

Wolf  Creek 

2 

23.2 

213.0 

1987 

Young  Tract  #1 

1 

384.7 

49.2 

1984 

#2 

3 

34.5 

58.7 

1984 

#3 

3 

7.9 

65.2 

1984 

#4 

3 

16.4 

60.9 

1984 

#5 

2 

116.4 

64.7 

1984 

#6 

3 

13.2 

218.9 

1984 

(Young  Tracts  1,2,3^.  and  6  are  within  the  ANSI  known  as  the  North  Cayuga  Slough  Forest) 
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4.0  DESCRIPTION  OF 
ENVIRONMENTAL 
CONDITIONS 


The  environmental  condition  of  ihe  Niagara  River 
is  greatJy  influenced  by  human  activities  in  the  Niagara 
Peninsula.  Although  the  regenerative  powers  of  the 
river  are  immense,  given  its  physical  characteristics, 
decades  of  abuse  have  left  a  poor  legacy  for  current  and 
future  generations.  The  upper  Niagara  River  appears  to 
be  in  relatively  good  condition  on  the  Oitario  side; 
however,  chemical  contamination  from  point  and  non- 
point  sources  has  significanUy  deteriorated  the  condi- 
tions in  the  lower  Niagara  River. 


In  addition,  agricultural  activities,  combined  with 
industrial  development  have  strained  the  assimilative 
powers  of  the  Welland  River  to  a  point  where  it  has 
been  necessary  to  divert  riparian  flows  from  the  Welland 
Ship  Canal.  Poor  water  quality  during  low  flow  condi- 
tions in  the  Welland  River  has  been  compounded  by 
excessive  sediment  load  from  the  agricultural  areas  up- 
stream. Siltation,  combined  with  chemical  contamina- 
tion ,  has  altered  the  aquatic  habitat  of  the  lower  Welland 
River. 


4.1  Public  Perceptions 


Residents  in  communities  in  the  Niagara  Penin- 
sub  are  well  aware  of  the  water  quality  pnsblems  in  the 
Niagara  River  and  Lake  Ontario.  A  1983  public  atti- 
tudes survey  conducted  by  Environment  Canada"  quan- 
titatively provided  the  levels  of  public  awareness  and 
degree  of  concern  about  the  problems. 


About  75%  of  the  569  survey  respondents  in  Fon 
Erie,  Niagara  Falls  (OnL)  and  Niagara-on-the-Lake 
considered  water  pollution  to  be  a  serious  problem  in 
their  communities  and  were  aware  that  the  city  water 
treatment  plants  do  not  remove  all  toxic  chemicals 


from  drinking  water  supplies.  The  concern  and  aware- 
ness were  broad-based,  distributed  evenly  across  major 
social  factors  such  as  occupation,  education,  income 
and  age. 


The  survey  also  showed  that  most  of  the  respond- 
ents (60%)  believed  that  drinking  water  from  the  Nia- 
gara River  and  Lake  Ontario  is  a  health  hazard.  There 
was  strong  public  support  for  stricter  controls  on  indus- 
trial dischargers  and  waste  disposal  activities.  About 
72%  of  the  survey  respondents  expressed  a  willingness 
to  pay  mwe  taxes  for  better  water  quahty.  Since  1983, 
it  is  believed  that  public  opinion  has  strengthened  on 
the  desire  for  an  improved  environment;  however,  it  is 
not  known  whether  or  not  the  public  would  still  aipp<Mt 
additional  taxation  for  environmental  cleanup. 


The  question  over  toxics  is  not  new  or  localized, 
many  people  in  Ontario  arc  concerned  over  chemicals 
in  their  drinking  water.  Pubbc  perception  generally  is 
that  the  chemicals  are  there  and  therefore  die  water  is 
unfit  to  drink.  Little  consideration  is  generally  given  by 
the  public  at  large  to  drinking  water  criteria.  This  is 
particularly  true  of  the  Niagara  River  where  chemicals 
of  all  types  have  been  identified  for  many  years  on  a 
random  basis  and  at  very  low  levels;  however,  the 
pubUc  perception  is  of  a  highly  contaminated  "toxic 
soup".  Many  residents  have  opted  for  botUed  water 
rather  dian  drink  the  river's  water  because  they  believe 
it  is  of  better  quality.  Occasional  occurrences,  such  as 
the  algal  die  off  in  late  1991,  leading  to  smell  and  taste 
problems  in  municipal  water  supplies  in  the  Niagara 
Peninsula,  sustain  the  public's  perception  of  poor  water 
quaUty. 


There  are  similar  concerns  over  the  quality  of  the 
mist  at  Niagara  Falls.  These  anxieties  remain,  despite 
the  fact  that  the  mist  has  been  tested  and  no  chemicals 
detect^. 


There  is  also  a  perception  of  pollution  associated 
with  the  water's  colour.  During  spring  runoff,  with  the 
fine  clay  soils  suspended  in  the  water  column,  the  water 
over  the  falls  takes  on  a  tan  colour.  Immediate  public 
reaction,  particularly  from  tourists,  associates  the  brown 
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water  with  toxic  chemicals  despite  the  actual  cause.  This 
apprehension  over  colour  extends  year-round  to  the 
brown  foam  In  the  maid  of  the  mist  pool.  This  foam, 
natural  in  origin,  and  coloured  by  the  same  fine  clay 
soils  is  aesthetically  displeasing,  is  very  visible  and  is 
often  misinterpreted  as  evidence  of  chemical  pollution  of 
the  Niagara, 


The  evidence  of  chemicals  in  the  Niagara  River 
has  led  to  a  concern  over  the  same  chemicals  being 
present  in  the  sports  fish  from  the  Niagara  River.  Al- 
though bioaccumulation  of  chemicals  in  larger  sports 
fish  species  has  led  to  fish  consumption  advisories,  there 
is  also  some  belief  that  all  Niagara  River  fish  flesh  is 
tainted.  For  all  the  years  of  record,  there  is  only  one 
a)mplaint  of  taste  or  odour  (tainting)  for  fish  from  the 
lower  Niagara  River  and  none  from  the  upper  Niagara 
River. 


Newspapers  and  magazines  were  the  major  sources 
of  information  on  water  quality  for  55%  of  the  respond- 
ents. A  content  analysis  of  four  newspapers^'  showed  that 
on  both  sides  of  the  river,  newspapers  have  been  provid- 
ing a  wide  range  of  information  about  toxics  issues 
including  spills,  contaminated  dump  sites,  health  con- 
cerns and  so  on.  As  a  whole,  the  media  message  seemed 
to  be  that  the  situation  was  quite  serious  and  out  of 
control.  Despite  progress  in  cleaning  up  the  Niagara 
River  ecosystem,  a  lot  of  doubt  and  scepticism  remain.s. 
These  perceptions  will  take  considerable  time  and  effort 
to  dispel  before  an  unbiased  and  accurate  view  of  the 
Niagara  problem  is  widely  held  by  the  general  public. 


4.2  Surface  Water  Quality 


Annually  between  1967  and  1982.  and  periodi- 
cally thereafter,  the  Ontario  Ministry  of  the  Environ- 
ment conducted  surveys  of  water  quality  in  the  upper 
and  lower  reaches  of  the  Niagara  River.  Since  1975, 
Environment  Canada  has  also  routinely  collected  sur- 
face water  quality  samples  at  a  permanent  monitoring 
station  at  the  downstream  end  of  the  river  where  it  enters 


Lake  Ontario  at  Niagara-on-the-Lake.  In  1983.  Environ- 
ment Canada  added  an  upstream  station  to  monitor  Lake 
Erie's  input  to  the  river  at  Fort  Erie. 


In  addition  to  surface  water  quality  monitoring  of 
the  ambient  river,  the  Ministry  of  Environment  also 
conducts  routine  monthly  samplmg  in  the  Chippawa 
Power  Canal  and  Welland  River.  The  Ministry  of  the 
Environment  also  carried  out  intensive  surveys  to  moni- 
tor tributary  inputs  in  1985  and  1988/89.  During  the 
summer  months,  the  Niagara  Regional  Health  Unit 
samples  for  fecal  coliform  bacteria  at  three  beaches  on 
the  river  (Figure  4.1). 


Ongoing  monitoring  of  drinking  water,  upstream/ 
downstream  river  water  (continuous),  tributaries  (1988- 
89)  and  cross-river  transects  (1988)  will  provide  addi- 
tional data  during  the  development  of  the  RAP  to  aid  in 
the  selection  of  appropriate  remedial  measures  and 
chart  the  progress  of  existing  and  future  abatement 
programmes. 


4.2.1  Conventional  Pollutants 


Fecal  Coliform  bacterial  contamination  has  been 
greatly  reduced  in  all  areas  of  the  river  since  having 
been  detected  during  eariy  surveys  of  the  river  water 
{1960's-197()s)"';  however,  elevated  levels  were  still 
detected  in  the  1980's  close  lo  the  mainland  shores  of 
the  Chippawa  and  Tonawanda  Channels  and  at  Nia- 
gara-on-the-Lake""-  Levels  of  fecal  coliform  bacteria 
in  the  Power  Canal  at  the  Whirlpool  Road  monitoring 
station,  located  a  short  distance  downstream  of  the 
Niagara  Falls  W.P.C.P.  outfall,  were  also  elevated 
above  the  Provincial  Water  Quality  Objective  (PWQO) 
(100  orgs./l(X)  mL)  during  the  years  1980  to  1982'". 
The  PWQO  for  fecal  coliform  has  also  been  exceeded 
at  the  Princess  Street,  King's  Bridge  and  Dufferin 
Islands  beaches  (Figure  4.1)  in  recent  years  (1985- 
1987).  In  1992,  no  beach  closures  occurred  due  to 
bacteriological  contamination,  based  on  the  new  provin- 
cial protocol  for  E.  coli  bacterium.  The  elevated  levels  of 
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Figure  4.2  Upstream-Downstream  Monitoring  Stations 
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fecal  coliform  bacieria  pose  adverse  health  effects  to  the 
people  who  use  these  areas  for  swimming  during  the 
summer  months. 


Phosphorus  levels  in  the  Niagara  River  have  gradu- 
ally been  decreasing  since  control  measures  were  estab- 
lished in  the  1972  Great  Lakes  Water  Quality  Agree- 
ment*'. Concentrations  of  total  phosphorus  in  the  Niagara 
River  have  declined  at  a  rate  of  0.001  mg/Uyear  since 
1967"".  Reductions  in  phosphorus  loadings  to  the  Great 
Lakes  through  phosphate  detergent  bans  and  upgrading 
treatment  at  water  pollution  control  plants  has  resulted  in 
a  slow  but  steady  decrease  in  phosphorus  concentrations 
and  reduced  eutrophication  in  Lake  Erie  and  Lake  On- 
tario^-. 


Nitrate  and  nitrite  nitrogen  concentrations  have 
been  increasing  in  the  Niagara  River  since  1967  at  a 
rale  of  0.013  mg/L/year".  No  specific  impacts  have 
been  identified  with  the  increasing  levels,  although 
nitrate  is  an  important  plant  nulneni  which  can  enhance 
eutrophication*'.  Environment  Canada  data  for  1984 
and  1985  at  upstream  and  downstream  monitoring 
stations  indicated  that  point  sources  located  on  the 
Niagara  River  and/or  non-point  sources  in  the  basin 
could  be  contributing  to  the  higher  levels*'.  Presently, 
no  impairment  of  uses  in  the  Niagara  River  are  attrib- 
uted to  the  increasing  nitrate  and  nitrite  levels. 


4.2.2  Persistent  Toxic  Substances 


The  major  cause  for  concern  in  the  Niagara  River 
is  the  presence  of  toxic  and  persistent  compounds, 
particularly  heavy  metals  and  chlorinated  organic 
chemicals. 


In  1984.  the  Niagara  River  Toxics  Committee 
(NRTC)  produced  a  report"'  which  identified  the  Nia- 
gara River  as  a  significant  source  area  of  a  number  of 
these  toxic  substances.  In  studying  the  ambient  condi- 
tions (water,  sediment  and  biota)  in  the  Niagara  River, 
the  NRTC  identified  267  separate  chemicals.  Of  these 
267  chemicals,  iron,  sulphur,  cholesterol,  vanillin  and 


silicon  were  determined  to  be  of  natural  origin  and  of 
minimal  toxicological  concern.  The  remaining  261 
chemicals  were  considered  to  be  ones  which  warranted 
further  investigation  to  determine  whether  or  not  they 
require  remedial  action. 


In  the  NRTC  studies,  some  organic  substances  and 
metals  were  occasionally  found  to  exceed  the  most  strin- 
gent water  quality  standard  amongst  the  agencies  in- 
volved. In  the  nearby  area  of  Lake  Erie,  and  in  the  Fori 
Erieandlowerriversections,  the  following  contaminants 
were  found  to  exceed  the  standards: 


aluminum        cadmium         copper 
lead  silver  phenolics. 

In  the  Fort  Erie  area,  chromium,  alpha-BHC,  aldrin 
and  dieldrin  were  also  were  found  to  exceed  the  stand- 
ards, while  in  the  lower  river,  alpha-BHC  and  PCBs 
exceeded  the  standards. 


Chromium  exceeded  the  standard  in  some  instances 
in  Lake  Erie. 


The  MOE  conducted  an  intensive  survey  of  ambi- 
ent water  quality  in  transects  across  the  river  during  1980 
to  1982  and  found  that  a  sub.stantial  reduction  in  the 
levels  of  total  phenolics  was  noted  from  1971.  In  earlier 
years,  up  to  100%  of  the  samples  from  the  Niagara  River 
exceeded  the  provincial  water  quality  objectives  for 
phenolics  (1  ug/L)  (Table  4.1).  The  concentration  of 
total  phenolics  in  samples  taken  at  various  locations 
along  the  river'"  during  1980-1982  ranged  from  meeting 
the  PWOO  to  exceeding  the  PWQO  by  up  to  34%. 
Phenolic  compound  levels  in  Lake  Erie  also  exceeded 
water  quality  criteria  in  some  instances.  Over  the  three 
year  period  from  1 980  to  1 982,  levels  of  copper,  iron  and 
silver  were  also  frequently  found  in  excess  of  the  provin- 
cial objectives. 
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TABLE  4.1 


Exceedences  of  the  PWQO  for  Total  Phenolics  in  the  Niagara  River 
Chippawa  Power  Canal  and  Welland  River 

River  PorUon 

LocatioD 

Year 

%  at  or  above 
PWQO 

Number  of 
Samples 

Niagara  River 

Transect  Mile    1 .3 

1980 

25 

N/A 

TranscclMilc  19.3 

1971 

74 

N/A 

1980 

10 

N/A 

Transect  Mile  20.5 

1980 

8 

N/A 

Transect  Mile  26.7 

1980 

8 

N/A 

Tnmsect  Mile  37.7 

1971 

66 

N/A 

1980 

1 

N/A 

Chippawa  Power 
Canal 

Whiilpoot  Rd. 

1980 

9 

12 

1981 

0 

n 

1982 

9 

n 

Welland  River 

Montrose  Bridge 

1982 

27 

11 

1983 

8 

11 

1984 

9 

11 

1985 

36 

11 

1986 

50 

14 

Analyses  for  PCBs  and  organochlorine  pesti- 
cides during  1980,  1981  and  1982  indicated  that  die 
majority  of  samples  did  not  contain  concentrations 
above  the  PWQOs".  PCBs  exceeded  the  objective 
(0.001  ug/L)  in  die  upperriveronly,  in  less  than  10%  of 
the  samples.  Levels  of  gamma-BHC  (Lindane), 
heptachlor  epoxide,  endrin  and  dieldrin  occasionally  (< 
10%)  exceeded  Provincial  Water  Quality  Objectives, 
primarily  in  the  Tonawanda  Channel,  aldiough  detec- 
tions of  organochlorine  compounds  were  observed 
throughout  the  river.  Of  fifty-two  additional  com- 
pounds analyzed  for  in  1982,  only  six  (toluene,  ethyl- 
benzene,  dichloromethane,  dichloroethane,  1,2- 


dichloropropane,  and  1 , 1 ,2-trichlorocdiylene)  were  iden- 
tified in  Niagara  River  water,  with  concentrations  just 
above  die  analytical  detection  limits. 


For  many  substances,  particularly  organics,  there 
still  exists  a  scarcity  of  information  on  die  effects  on 
the  ecosystem.  Likewise,  for  a  number  of  these  chemi- 
cals, no  guideline  or  criterion  has  been  established 
either  for  protection  of  aquatic  life  or  for  human 
consumption.  This  lack  of  "effect"  data  makes  it 
difficult  to  determine  the  relative  environmental  sig- 
nificance of  some  substances.  This  is  particularly  true 
for  long-term  or  "chronic"  effects. 
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In  1984,  NRTC  scientists  screened  each  chemi- 
cal of  concern,  based  on  their  judgement  of  the  avail- 
able infomiation  in  three  areas: 


Existence  of  a  water  quality  standard  for 
that  chemical. 

Chemical  and  lexicological  information. 

Environmental  occurrence  information. 


The  concentrations  of  each  of  these  chemicals 
monitored  in  the  Niagara  River  were  compared  with 
this  screening  information  and  the  chemical  was  as- 
signed to  a  "group"  with  chemicals  of  a  similar  level  of 
concern.  These  groups  are  presented  in  Table  4.2 
located  at  the  end  of  this  chajHer. 


Since  1984,  studies  have  concentrated  on  the 
chemicals  of  highest  concern  in  NRTC  groups  1,  UA 
and  IIB.  These  chemicals  were  those  that  had  some 
indication  of  environmental  or  human  health  concern  at 
that  time.  The  listings  of  the  group  1,  IIA  and  IIB 
chemicals  are  presented  m  Table  43  located  at  the  end 
of  this  chapter. 


In  1988,  the  Coordinating  Commiuee  for  the 
Niagara  River  Toxics  Management  Plan  (NRTMP) 
asked  for  a  reappraisal  of  the  chemicals  of  concern  in 
the  Niagara  River  based  on  more  recent  information. 
An  ad  hoc  committee  was  charged  with  developing  a 
mutually  accepted  list  of  persistent  chemicals  of  con- 
cern for  which  loading  reductions  of  50%  should  be 
required  by  19%.  That  committee  was  responsible  for 
establishing  a  procedure  through  which  persistent 
chemicals  of  concern  could  be  identified  and  then. 
using  this  procedure,  develop  a  list  of  chemicals  to  be 
considered  for  50%  loading  reduction.  The  committee 
considered  those  chemicals  which  were  both  persistent 
and  toxic.  The  master  hst  of  chemicals  considered  by 
this  committee  included  the  NRTC  group  1  and  IIA 
chemicals  (Table  4.3),  the  UC  Water  Quality  Board's 
1985  hst  of  critical  pollutants  (Table  4.4)  and  the  list  of 
chemicals  currently  being  mcmitored  by  the  ongoing 
Niagara  River  ambient  water  quality  monitoring  pro- 


gramme (Table  4.5).  The  U.S.  EPA  Priority  PoUutants 
hst  (Table  4.6)  was  also  used.  Tables  4.5  and  4.6  are 
located  at  the  end  of  this  chapter. 

TABLE  4.4 


UC  Water  Quality  Board, 
Chemicals  of  Concern  (1985) 


Polychlorinated  biphenyls  (total) 

Mirex 

Hexachlorobenzene 

Dieldhn 

DDT  and  metabolites  (DDD/DDE) 

2,3,7 ,8-tetrachlorodiben20-p-dioxin 
(TCDD) 

2,3,7,8-tctrachlorodiben2ofuran  (TCDPO 

Benzo(a)pyrene 

Lead  (alkylated) 

Toxaphene 

Mercury 


ThCTC  are  many  ways  of  identifying  persistent 
toxic  chemicals  of  concern.  Each  has  its  advantages  and 
disadvantages  and  there  is  no  clearly  superior  method. 
Consequently,  one  methodology  was  adopted  based  on 
the  best  information  available  at  that  time. 


Persistent  and  toxic  chemicals  were  identified  by 
considering  bioconccntration  in  and  toxicity  to  fish,  and 
carcinogenicity  to  mammals.  Fish  were  chosen  as  repre- 
sentatives of  the  aquatic  ecosystem  because  of  their  place 
in  the  aquatic  food  cham,  their  socio-economic  impor- 
tance and  ihdr  role  as  environmental  vectors  of  chemi- 
cals to  man.  While  considerable  data  may  be  found  for 
toxicity,  not  all  chemicals  have  been  tested.  In  addition, 
measurements  of  persistence  (residence  time  in  aquatic 
media  or  in  particulates  in  real  or  artificial  systems)  are 
scarce. 
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Consequently,  bioconcentration  factors  (BCFs)  for 
fish  were  used  as  surrogates  for  persistence.  Acute 
lethality  (LCj^)  to  rainbow  trout,  bluegills  and  fathead 
minnows  was  used  as  a  surrogate  for  aquatic  toxicity. 
Carcinogenicity  and  mutagenicity  were  also  taken  into 
account  because  of  concern  for  human  consumption  of 
water  and  fish  from  the  river. 


BCFs  are  associated  with  slow  rates  of  metabolism 
and  excretion  of  chemicals  by  fish.  A  chemical  that  is 
"lost"  slowly  will  accumulate  and  "persist"  in  fish  to  a 
greater  degree  than  one  which  passes  through  the  diges- 
tive system  quickly. 


There  is  a  relationship  between  the  slnictiire  or 
properties  of  a  chemical  and  its  toxicity, 
bioconcentration  or  other  environmental  behaviour. 
The  most  useful  measure  of  these  properties  is  the 
partitioning  coefficient  for  octanol  and  water.  This 
coefficient,  K^^,  is  a  measure  of  a  chemical's  relative 
affinity  for  lipid  (fats)  and  water.  The  higher  the  K^^ 
value,  the  higher  the  relative  affmity  for  hpids.  Highly 
polar  compounds  dissolve  primarily  in  the  water  phase 
and  therefore  cannot  readily  bioconcentrate  Oow  K^. 
In  contrast,  non-polar  compounds  dissolve  more  read- 
ily in  organic  material,  such  as  n-octanol,  than  in  water. 
Since  these  non-polar  compounds  prefer  faay  tissue 
(lipophilic),  ihey  are  the  ones  that  readily 
bioaccumulate.  K^  is  determined  by  placing  a  chemi- 
cal in  an  octanol-water  mixture  and  determining  the  ratio 
of  concentrations  of  that  chemical  in  each  phase.  K 
models  have  been  developed  to  define  the  upialK  of 
chemicals  by  fish  from  water  across  gill  lipid  mem- 
branes. 


The  master  list  was  sorted  into  compound  class 
and  each  chemical  within  that  class  was  ranked  accord- 
ing to  its  K^^  value.  A  BCF,  carcinogenicity  and  LC^ 
were  defined  for  each  of  these  chemicals.  The  link 
between  chemical  properties  and  environmental  be- 
haviour means  ifiat  ranking  by  the  K^  values  is  also  an 
indication  of  their  relative  hazard.  The  chemicals  and 
their  determinations  are  presented  in  Table  4.7  located 
at  the  end  of  this  chapter. 


In  cases  where  the  scientific  data  were  inconclu- 
sive or  insufficient,  die  committee  considered  water 
quality  standards  or  guidelines  in  a  comparison  with 
measured  levels  of  these  compounds. 


4.2.3  Chemicals  of  Concern 


Concern  over  chemical  contamination  of  the  Nia- 
gara River  ecosystem  has  led  lo  a  detailed  review  of 
which  chemicals,  specific  to  the  Niagara  area,  are 
causing  the  problems  the  river  is  facing. 


The  1988  NRTMP  revision'*  included  a  prelimi- 
nary categorization  of  92  loxic  chemicals  present  or 
potentially  present  in  the  Niagara  River.  The  secre- 
tariat identified^"  fifteen  Niagara  River  Toxics  which 
were  present  in  the  Niagara  River/Lake  Ontario  ecosys- 
tem at  unacceptably  high  levels.    Ten  of  these  fifteen 


NRTMP  1988  Priority  Toxic 
Chemicals 

Chemicals  of  Concern 
Scheduled  for  50% 
Reduction 

Other  Priority 
Toxics 

bcnz(a)anthraccnc 

(lA) 

chryscne 

(lA) 

bcnzo(a)pyrcne 

(lA) 

chlordane 

(lA) 

bcnzo(b)nuoranthcnc 

(IB) 

dieldrin 

GA) 

bcn2o(k)fluoranthcnc 

(IB) 

octachlcMX>- 
styrcnc 

(IB) 

tctrachlorocthylene 

(lA) 

mircx 

(lA) 

DDT  and 
metabolites 

(lA) 

hcxachlorobcnzcne 

(lA) 

PCB's 

(lA) 

0  indicates 
NRTMP 

mercury 

(IB) 

23,7.8-TCDD 

(dioxin) 

(lA) 

category 
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priority  toxics  had  significant  Niagara  River  sources  and 
were  therefore  scheduled  for  50%  reduction  by  the  year 
1996. 


The  most  recent  assessment™  of  chemicals  in  the 
Niagara  River  was  completed  in  1990  by  scientists  from 
all  four  environmental  agencies  with  responsibiiily  for 
the  Niagara  River,  as  a  review  of  the  chemicals  identified 
in  previous  assessments.'"'"*'* The  Categorization  Com- 
mittee has  reported"*  to  the  Secretariat  of  the  Niagara 
River  Toxics  Management  Plan  the  results  of  this  review. 


The  Categorization  Committee  used  the  previous 
listing  of  92  priority  chemicals  and  data  collected 
between  1976  and  i9893«J<"3io^.ss2^j3^^j».7i3.  y, 

recategorize  342  chemicals. 

The  chemicals  are  categorized  in  two  groups 
(each  with  sub-categories)  as  follows: 


Category  I  -  Chemicals  with  Available 
Ambient  Data 

Sub 
Category 

DescriptioD 

lA 

Exceeds  an  enforceable  standard 

IB 

Exceeds  a  more  stringent 
unenforceable  criterion 

IC 

Equals/less  than  the  most  stringent 
criterion 

ID 

Detection  limit  too  high  to  categorize 

IE 

No  criterion  available 

Category  II  -  Chemicals  with  No 
Available  Ambient  Data 

Sub 
Cat^ory 

DescriptioD 

UA 

Evidence  of  presence  in  or  input  to 
the  river 

ITB 

No  evidence  of  presence  in  or  input  to 
the  river 

The  categorization  above  was  applied  to  the  15 
priority  chemicals  identified  in  1988.  These  chemicals 
all  appear  in  categories  lA  or  IB.  The  categories  (as 
determined  in  1990)  are  indicated  in  the  listing  table 
following  the  chemical  name.  In  addition  to  the  11 
category  lA  chemicals  identified  in  the  1988  priority 
toxic  chemical  table,  the  following  eight  chemicals 
were  also  classified  as  category  lA. 


Chemicals  assigned  to  Category  lA  not  identified 
in  the  above  table. 


hexachlorocyclohexane    (BHC  (total)) 

cadmium 

heptachlor 

heptachlor  qx>xide 

iron 

lead 

photomirex 


In  addition  lo  the  four  categOTy  IB  chemicals 
identified  in  the  1988  priority  toxic  chemical  table,  the 
following  nine  chemicals  were  also  classified  as  cat- 
eg«7  IB. 


Chemicals  assigned  lo  Category  IB  not  identified 
in  the  above  tables. 


aldrin 

aluminum 

arsenic  (total) 

copper 

endosulfan(  total) 

pentachlorobenzene 

l^,3,4-letrachloroben2ene 

1  ^.4.5-ietrachlorobenzene 

toxaphene 


The  numbers  of  chemicals  in  the  remaining  cat- 
egories are  presented  in  the  following  table. 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4-10) 


Toxic  Chemicals  in  Catergory  IC 
through  nB 

Category 

Number  of  Chemicals 

IC 

31 

ID 

1 

IE 

14 

IIA 

342 

nB 

not  applicable 

4.2.4  Upstream/Downstream 
Programme 

An  upstream/downstream  moniloring  programme 
was  initiated  by  Environment  Canada  in  1983.  The 
purpose  of  the  programme  was  to  estimate  input 
loadings  of  contaminants  entering  the  Niagara  River 
from  Lake  Erie  at  Fort  Erie  and  output  loadings  leaving 
to  Lake  Ontario  at  Niagara-on-ihe-Lake  (Figure  4.2). 


Loadings  rather  than  concentrations  of  contami- 
nants were  considered  because  of  the  vast  quantities  of 
water,  in  the  order  of  7,000  cubic  metres  per  second, 
(240.000  to  250.000  cubic  feet  per  second  (cfs))  mov- 
ing through  the  Niagara  River.  At  these  discharge 
rates,  even  minute  concentrations  of  a  contaminant  can 
translate  to  large  inputs  to  Lake  Ontario  over  the  course 
of  a  day  or  a  year.  For  example,  a  concentration  of  2.8 
nanograms/Litre  (ngA-)  of  a  chemical  at  Niagara-on- 
the-Lake  represents  a  daily  loading  to  Lake  Ontario  of 
1.56  kg  and  an  annual  loading  of  555.36  kg.  The 
difference  between  downstream  and  upstream  loadings 
(the  differential  load)  was  taken  to  represent  the  com- 
bined input  of  contammanis  from  point  and  non-point 
sources  along  the  course  of  the  river.  The  programme 
originally  involved  bimonthly  collection  of  water  and 
suspended  sediment  at  two  permanent  moniloring  sta- 
tions located  at  the  head  (Fort  Erie)  and  mouth  (Nia- 
gara-on-the-Lake)  of  the  Niagara  River.  The  frequency 
of  samphng  for  this  program  was  increased  to  bi- 
weekly in  1984. 


Results  from  the  period  December  1984  to  March 
1986  were  released  in  a  four  party  report  in  October 
1986*\  Due  to  uncertainties  in  sampling  methods, 
analytical  procedures  and  quality  assurance  and  control 
practices,  only  the  most  conservative  interpretations  of 
this  data  set  were  possible. 


Effective  April  1986,  the  programme  was  modi- 
fied in  an  effort  to  improve  the  reliability  of  future  data 
sets.    Modifications  included: 


increasing  the  sampling  frequency  from  bi- 
weekly to  weekly; 

extending  the  sampling  period  from  single 
grab  samples  to  24  hour  composite  samples; 

improvements  in  extraction  methods; 

incorporation  of  agreed  to  analytical  and 
quality  control/quality  assurance  protocols; 
and 

development  of  im^Hoved  statistical  meth- 
ods to  deal  with  the  data. 


The  large  difference  between  [»esent  methods 
and  those  used  priw  to  April  1986  makes  direct  com- 
parison with  the  earlier  data  sets  inappropriate.  Conse- 
quently, the  following  discussion  will  focus  on  Niagara 
River  water  and  suspended  sediment  data  obtained  in 
the  latest  studies  reported  for  the  period  April  1986  lo 
March  1987*"  and  April  1987  to  March  1988^'". 


Contaminants  which  were  present  at  statistically 
significant  higher  (p  >  0.1)  concentrations  at  Niagara- 
(Mi-the-Lake  than  at  Fort  Erie,  in  either  the  water  or 
suspended  sediments  fraction,  ot  in  both  fractions,  in 
1986-87*"  and  1987-88"°  respectively,  are  presented  in 
Table  4.8.  From  Table  4.8.  it  can  be  seen  thai  concen- 
trations of  twenty-two  contaminants  (16  organics  and  6 
metals)  were  significantly  higher  (statistically)  in  both 
years. 
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TABLE  4.8 


Coniaminants  Showing  an  Increase  in 
Concentrations  At  Niagara-On- 
The-Lake  (Compared  to  Fori  Erie)  in  1986-87 
and  1987-88  (+) 

Cblorinated  Organics  and  PAHs 

Contaminant 

1986-87  Dili 

1987-88  DaU 

WaUr 

Sedi- 
ments 

Water 

Sedi- 
ments 

miTci 

-f 

-f 

PCB»  CToul) 

+ 

+ 

BHC 

+ 

+ 

li»lnK(  -BHO 

+ 

nEthaxycUoi 

+ 

beuchl  cvobuud  Bae 

+ 

+ 

■»■ 

-4- 

l-3riicbiombai^3x 

+ 

*■ 

4- 

-f 

1  -  3- djciil  orobenieiK 

+ 

+ 

+ 

1 -4' dichlcrofaeiucDc 

-f 

■f 

■f 

-•■ 

■f 

-fr 

+ 

1  -  3-4- Ir  ichl  oroteaaiiK 

■*- 

+ 

+ 

-t 

1-3-  S-DichlDnibamiE 

+ 

+ 

+ 

+ 

penuchJ  orobeoBBnc 

■1- 

■I- 

•»- 

■f 

+ 

+ 

+ 

+ 

boiaolt)pytvm 

-f 

beiulm  tuuhnceiE 

+ 

t>aaaO>)a  utwuahax 

+ 

bcnzoOc  )a  uarunfieiE 

+ 

chryicne 

+ 

+ 

+ 

Quoruiihcnt 

+ 

+ 

+ 

+ 

pyrene 

* 

+ 

+ 

+ 

1  2-5-4- 
KtnchloabciBCDt 

* 

+ 

+ 

+ 

TABLE  4.8  continued 

Contaminanis  Showing  an  Increase 
in  Concentrations  Ai  Niagara-On- 
The-Lake  (Compared  to  Lake  Erie) 
in  1986-87  and  1987-88 

Trace  Metals 

Element 

Rccombined 
1986-87  Data 

Wh(rfc  Water 
1987-88  Data 

aluminum 

+ 

-*■ 

arsenic 

+ 

* 

ciiromiinn 

■f 

-f 

iron 

-f 

+ 

manganese 

+ 

+ 

nickel 

+ 

zinc 

+ 

+ 

strontium 

not  analyzed 

+ 

vanadium 

not  analyzed 

■*■ 

bvium 

not  analyzed 

-4- 

Higher  concentrations  of  these  chemicals  at  ihe 
downstream  station  indicate  thai  they  originate  from 
sources  along  ihe  river.  The  specific  sources  of  these 
chemicals  cannot  be  determined  from  the  upstream/ 
downstream  data  alone.  The  relative  contribution  from 
"non-point  sources"  can  be  crudely  estimated  using  the 
differential  loadings  from  the  upstream/downstream 
study  and  point  source  loading  data  from  Canadian  and 
U.S.  point  source  monitoring  programmes.  However, 
inconsistencies  in  sampling  and  analytical  methods,  to- 
gether with  inadequate  numbers  of  samples,  make  any 
such  estimaies  of  relative  point/non -point  source  contri- 
bution unreliable. 
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Ii  is  noteworthy  that  ihe  following  seven  chemicals 
were  detected  only  at  Niagara-on-ihe-Lake: 

1  .S-dichlorobenzene 

1 ,3,5-Irichlorobenzene 

1^,3.4-tetrachlorobenzenc 

pentachlorobenzene 

hexach  lorobenzene 

hexachlorobuladiene  (suspended  sediment 
fraction  only)  and 

mirex  (suspended  sediment  fraction  only). 


Since  these  chemicals  were  only  aicounlered  at 
the  downstream  station,  it  appears  that  they  originate 
exclusively  from  sources  along  the  Niagara  River. 


Contaminant  concentrations  in  Niagara  River 
water  were  compared  to  several  sets  of  water  quality 
criteria,  standards  or  guidehnes.  Water  quality  criteria 
adopted  by  the  United  States  Environmental  Protection 


Agency,  the  New  York  Department  of  Environmental 
Conservation,  Environment  Canada,  and  the  Ontario 
Ministry  of  Environment,  along  with  the  UC  Specific 
Objectives,  are  summarized  in  Table  4.9  located  at  the 
end  of  this  chapter. 


As  a  result  of  the  four-agency  deliberations  on 
monitoring  data,  it  was  decided  to  report  contaminant 
concentrations  for  'Recombined  Whole  Water' (RWW). 
In  sampling  and  preserving  samples  taken  from  the 
Niagara  Rivea-.  the  suspended  sediment  is  removed 
from  the  water  by  centrifugation.  This  results  in  two 
distinct  samples:  a  solid  sediment  phase  and  a  "fil- 
tered" water  phase.  These  are  analyzed  using  com- 
pletely different  procedures.  The  results  are  then  com- 
bined to  produce  ihe  total  RWW  loading  in  the  river. 
Mean  RWW  contaminant  concentrations  for  those 
chemicals  at  Fort  Erie  and  Niagara-on -the- Lake  in 
1986-87*"  and  1987-88"°,  respectively,  which  exceeded 
the  most  stringent  water  quality  criteria  are  listed  in 
Table  4.10. 


TABLE  4.10 


Contaminant  Concentrations  Exceeding  Strictest  Water  Quality 
Criteria  at  Fort  Erie  and  Niagara-on-the-Lake 

Contaminant 

Criterion 

Fort  Erie 
1986-87 

Fort  Erie 
1987-88 

NOTL 
1986-87 

NOTL 
1987-88 

benz(a  )anlhracene 

0.002(NY) 

2.58(12) 

2.26(15) 

beiizo(b)nouran  thene 

0.002(NY) 

2.35  (6) 

benzoOc  )nouranihene 

0.002(NY) 

2.43  (6) 

benzo(a)pyrene 

0.002(NY) 

1.59(7) 

chrysene 

0.002(NY) 

2.61  (12) 

330(18) 

2.82  (25) 

PCBs 

0.001  CMOE) 

3.90(26) 

2.18(45) 

1.66(28) 

2.89  (43) 

letrachloroe  thy  lene 

0.7fNY) 

973.60(6) 

Aluminum 

294.5 

243.2 

459.1 

343.2 

Iron 

459.7 

380.4 

833.1 

659.3 

^'^  ^^''                           Al'  concentrations  in  ug/L.  Numbers  in  brackets  indicate  the  number  of  limes 
water  quality  criteria  were  exceeded.  Criteria  may  be  for  water  phase,  solids 
phase,  or  Recombined  Whole  Water  (RWW). 
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For  the  1986-87  database^,  mean  RWW  con- 
centrations of  chrysene,  total  PCBs,  aluminum  and  iron 
exceeded  the  strictest  water  quality  criteria  at  Fort  Erie. 
At  Niagara-on-lhe-Lake.  water  quality  criteria  were 
exceeded  for  benz(a)anthracene,  benzo(b)flouranihene, 
benzo(k)nouranthene.         chrysene,  PCBs, 

tetrachloroethylene,  aluminum  and  iron. 


The  1987-88  data''°  show  that  water  quahty  crite- 
ria for  PCBs,  aluminum  and  iron  were  exceeded  at  Fort 
Erie  and  those  for  benz(a)anthracene,  chrysene,  PCBs. 
aluminum  and  iron  were  exceeded  at  Niagara-on-the- 
Lake.  Water  quality  criteria  were  exceeded  more 
frequently  at  Niagara-on-the-Lake  than  at  Fort  Erie. 


Exceedence  of  water  quality  criteria  for  chrysene 
at  Fort  Erie  and  Niagara-on-the-Lake  is,  in  part,  indica- 
tive of  the  quality  of  water  entering  the  Niagara  River 
from  Lake  Erie.  However,  statistically  significant 
differential  loads  for  this  chemical  were  determined, 
suggesting  that  there  were  input  sources  of  this  chemi- 
cal along  the  river.  The  1987-88  data  indicate  that 
chrysene  was  measured  almost  exclusively  in  samples 
collected  at  Niagara-on-the-Lake. 


Although  aluminum  and  iron  exceeded  water 
quality  criteria  at  both  Fort  Erie  and  Niagara-on-the- 
Lake,  concentrations  of  these  metals  were  considered 
to  reflect  natural  levels  in  surface  waters  rather  than  the 
result  of  local  source  inputs.  Since  there  was  a  statisti- 
cally significant  difference  between  total  PCB  concen- 
trations measured  at  Fort  Eric  and  Niagara-on-the- 
Lake,  sources  must  exist  along  the  Niagara  River; 
however,  water  quality  exceedences  for  these  contami- 
nants at  both  stations  are  more  a  reflection  of  water 
quality  in  the  Eastern  Basin  of  Lake  Erie  than  of 
excessive  loading  to  the  Niagara  River. 


In  1989,  the  Coordinating  Committee  for  the 
Niagara  River  and  Lake  Ontario  Toxic  Management 
Plans  formed  a  Chcniical  Categorization  Committee  to 
continue  the  work  of  the  ad  hoc  commiuee.  The  ad  hoc 
committee  had  recommended  that  the  universe  of 


chemicals  be  broadened  and  a  mechanism  be  established 
to  develop,  review  and  update  a  more  comprehensive  list 
of  chemicals  of  concern  for  the  Niagara  River. 

4.2.5  Drinking  Water 


With  the  knowledge  that  a  wide  number  of  toxic 
chemicals  were  present  in  the  Niagara  River,  the  peo- 
ple living  along  the  shores  of  the  river  became  con- 
cerned with  the  quahty  of  the  water  they  were  drinking. 


There  are  a  number  of  water  treatment  plants  that 
serve  the  residents  in  the  Niagara  area.  These  are 
operated  by  the  Regional  MunicipaUty  of  Niagara.  TTie 
Rosehill  Treatment  Plant  in  Fort  Erie  draws  water  from 
Lake  Erie,  approximately  5  kilometres  west  of  the 
convergence  of  Lake  Erie  and  the  Niagara  River.  The 
plant  serves  a  population  of  about  24,000  in  the  com- 
munities of  Ridgeway,  Fort  Erie,  Crystal  Beach, 
Stevcnsville  and  Douglastown. 


The  Niagara  Falls  Treatment  Plant  is  located  in 
Chippawa.  It  draws  water  from  the  east  end  of 
Chippawa  Creek.  This  water  is  drawn  from  the  Niagara 
River's  Chip[»wa  Channel  as  it  is  being  diverted  to 
Queenston  for  power  generation  purposes.  A  popula- 
tion of  approximately  155,000  is  served  by  this  plant 
over  an  area  of  70  square  kilometres. 


The  Niagara-on-the-Lake  Treatment  Plant  was 
removed  from  service  in  1982  due  to  its  inability  to 
service  the  needs  of  a  rapidly  expanding  community. 
Niagara-on-lhe-Lake,  along  with  the  nearby  communi- 
ties of  Virgil  and  Queenston,  are  now  served  by  the 
Region  of  Niagara  by  pipdine  from  its  main  plant  at 
DeCew  Falls  in  Sl  Catharines.  The  DeCew  Falls  plant 
treats  water  taken  from  Lake  Erie  via  the  Welland  Ship 
Canal. 


The  Welland  Ship  Canal  also  provides  a  water 
source  to  the  central  peninsula  area  via  water  treatment 
plants  in  Welland,  Pon  Robinson  and  Port  Colbome. 
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Rural  residences  between  Fon  Erie  and  Chippawa 
have  iheir  own  shore  wells  for  providing  potable  water. 
Individual  treatment  systems  vary. 


In  1984,  in  response  U3  the  NRTC  list  of  chemi- 
cals of  concern,  the  Ontario  Ministry  of  the  Environ- 
ment supplanted  the  existing  water  treatment  plant 
monitoring  programme  in  the  Niagara  Peninsula  with  a 
detailed  monitoring  of  the  139  chemicals  of  concern 
that  were  present  in  the  ambient  water  environment, 
along  with  15  general  chemistry  parameters.  The 
results  of  that  monitoring  were  presented  in  a  report 
entitled  "Drinking  Water  Survey  of  Selected  Munici- 
pahiies  in  the  Niagara  Area  and  Lake  Ontario".  The 
water  treatment  plants  in  Niagara  Falls,  Fort  Erie, 
Welland.  Sl  Catharines.  Hamilton,  Oshawa  and  To- 
ronto (RX.  Clark)  were  involved  in  the  programme.  Of 
particular  concern  was  the  Niagara  Falls  (OnL)  Water 
Treatment  Plant,  the  only  remaining  plant  on  the  Cana- 
dian side  of  the  Niagara  River. 


The  report**  indicated  that  the  drinking  water  at 
all  of  these  plants  meets  all  Ontario  Drinking  Water 
Objectives  for  those  compounds  referenced  in  the 
NRTC  report  The  data  also  show  that  the  drinking 
water  quality  meets  Worid  Health  Organization  drink- 
ing water  criteria  for  these  compounds. 


The  levels  of  the  metals  and  inorganic  chemicals 
found  in  this  study  were  consistent  with  those  found  in 
treated  water  supplies  in  Southern  Ontario.  The  levels 
of  organic  chemicals  (large  number  of  non-detected 


TABLE4.il 


Other  Organic  Chemicals  Above 
Detection  Limits  (1984) 

Compound  Name 

Number  of 
Locations 

I-3-5-trichlorobenzcnc 

1 

1  -2-4-S-tetiachlorobenzene 

2 

2-4-5-trichlorotolucnc 

2 

hexane 

3 

bis(2-cthylhcxyl)phthalate 

3 

values)  is  consistent  with  historical  databases  for  these 
compounds.  With  the  exception  of  Alpha-BHC  (0.003 
to  0.006  pans  per  billion),  no  chlorinated  pesticides  or 
PCBs  were  found  to  be  present  This  level  is  well 
below  the  Objective  of  4  parts  per  billion  for  Lindane, 
which  is  a  mixture  of  BHC  isomers.  Three 
trihalomethanes,  which  are  chlororganic  compounds 
traditionally  formed  in  the  drinking  water  treatment 
process,  were  detected  at  levels  well  below  the  ODWO 
for  trihalomethanes.  Only  five  other  organic  chemicals 
were  found  above  the  detection  limit  these  ars  listed  in 
Table  4.11.  Currently.  ODWOs  do  not  exist  for  these 
compounds.  A  water  quahty  criterion  for  chlorinated 
aromatics  as  a  group  has  been  proposed  by  the  U.S. 
EPA  at  a  level  5,000  limes  higher  than  those  measured 
in  this  study. 


In  1985,  the  COA  (Canada-Ontario  Agreement 
Respecting  Water  Quality)  Review  Board  released  a 
report  on  trace  organics  in  Ontario  drinking  water  along 
the  Niagara  River*l  This  report  was  prepared  for  COA 
by  a  group  of  scientists  firom  the  Ontario  Ministry  of  the 
Environment,  Environment  Canada  and  Health  and 
Welfare  Canada.  That  repeal  made  a  number  of  coti- 
clusions  and  recommendations  relating  to  drinking 
water  on  the  Niagara  River.  It  evaluated  primarily  the 
chemicals  identified  by  the  NRTC  and  cc»npared  these 
with  chemicals  which  had  been  detected  in  raw  or 
treated  drinking  water  al  plants  in  the  Niagara  area. 


Thirty  seven  chemicals  were  detected  in  Niagara 
area  drinking  water  (Table  4, 12);  16  of  these  appear  on 
the  NRTC's  Group  I,  HA  or  IIB  lists.  Eleven  of  the  37 
chemicals  have  established  drinking  water  guidelines. 
It  was  concluded  that  none  of  these  guidelines  was 
exceeded  and  consequently,  there  appeared  to  be  no 
immediate  concern  regarding  their  impact  cm  human 
health. 


Recommendations  a»ning  from  this  report  fw 
mcHB  extensive  monitoring  resulted  in  the  implementa- 
tion of  the  Drinking  Water  Surveillance  Programme 
(DWSP).  This  programme,  which  initially  incorporated 
most  Niagara  area  water  treatment  plants,  is  now  a  prov- 
ince-wide drinking  water  monitoring  programme. 
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TABLE  4.12 


Trace  Organic  Chemicals  in  Niagara 
Area  Drinking  Water 

Cbemtcals  with  Drinking  Water  Guidelines 

Chemical 

Guideline 

Benzene 

WHO 

Bromoform 

MOE/CAN 

Carbon  tetrachloride 

WHO 

Chlorodibromomethane 

MOE/CAN 

Chlorofonn 

WHO 

1 ,4-Dichlorobenzene 

MOE/CAN 

Dichlui  ubromomethane 

MOE/CAN 

Lindane 

MOE/CAN/WHO 

Heptachlor  epoxide 

MOE/CAN/WHO 

Tetrachlorocthylene 

WHO 

Trichloroethylene 

WHO 

Chemicals  Without  Drinking  Water  Guidelines    | 

Chemical 

Chemical 

Acetone 

Hexane 

Benzaldehyde 

Isopropanol 

BHC-(alpha)  • 

Methyl  ethyl  ketone 

Butanal 

Methylene  chloride  * 

t-Butanol 

Pentanc 

Chlorotoluene 

Styiene* 

Dibromomethane 

Tetiahydrofuran 

Dichloroiodomethane 

Toluene 

Diethyl  ether 

l,I.4-Trichloiubutadiene 

Dimethyl  disulphide 

1 , 1 , 1 -Trie  hloroe  thane 

Ethylbcnzene  * 

Trichlorophcnol  • 

Heptanone 

m -Xylene 

Hexanal 

o-  or  p-Xylene 

*  -  denotes  chemical  on  NRTC  List  I.  IIA.  or  IIB.    | 

The  quality  of  the  drinking  water  for  Niagara  Falls 
(OnL)  is  protected  by  filtration  and  disinfection  proc- 
esses; however,  some  dissolved  organic  and  inorganic 
chemicals  may  not  be  removed  during  this  treaimenL 


Contaminants  bound  lo  particulate  matto"  are,  for  the 
most  pan,  filtered  out  and  recent  data  on  treated  water 
show  that  no  drinking  water  quality  objectives  are 
exceeded  at  the  waier  treatment  plant  in  Niagara  Falls'*. 


Chlorine  disinfection  is  widely  used  at  water 
treatment  plants,  including  the  one  at  Niagara  Falls 
(OnL),  to  destroy  bacterial  contaminants  and  patho- 
genic material.  Most  raw  water  samples  taken  at  the 
Niagara  Falls  Water  Filtration  Plant  contain  some 
coUform  bacteria,  although  the  Provincial  Water  Qual- 
ity Objectives  for  recreational  use  of  water  (1.000 
orgyiOO  mL  total  cohforms  and  100  org./100  mL 
fecal  coliforms)  have  not  been  exceeded*'.  Chlorina- 
lion  of  drinking  water  is  known  to  create 
irihalomethanes  and  these  compwunds  do  appear  in 
fmished  drinking  water  at  most  communities  which 
are  served  by  water  treatment  plants  with  chlorine 
disinfection. 


In  1986,  the  Canadian  Public  Health  Associa- 
tion (CPHA),  in  cooperation  with  the  Ontario  Minis- 
try of  the  Environment  and  Health  and  Welfare 
Canada,  released  a  report  on  Great  Lakes  drinking 
water.  The  CPHA  found  thai  available  data  indicated 
that  appUcable  standards  and  guidelines  were  only 
rarely  exceeded.  Because  the  frequency  and  extent  of 
these  guideline  exccedences  were  low  and  overall 
exposure  was  below  guideline  values  (based  on  a 
review  of  relevant  toxicological  data)  the  health  im- 
plications were  considered  to  be  neghgible.  How- 
ever, it  was  noted  that  there  was  a  lack  of  information 
on  exposure  to  and  health  effects  of  several  of  the 
compounds  identified.  Where  information  was  avail- 
able, food  appeared  to  be  a  more  significant  route  of 
exposure  than  water. 


The  CPHA  report  also  concluded  that  epidemio- 
logical studies  on  poputabons  surrounding  the  Great 
Lakes  have  not  suggested  that  ingestion  of  water  from 
these  sources  contributes  significantly  to  cancer  or  other 
health  risks.  It  also  concluded  that  while  treatment 
processes  differ  among  water  treatment  plants,  the  data 
clearly  show  that  the  overall  effect  of  the  in-place  water 
treatment  facilities  is  a  significant  and  beneficial  effect 
on  drinking  water  quality. 
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Although  specific  areas  wiihin  the  Great  Lakes 
basin  arc  not  discussed,  data  used  are  presented  in  Vol- 
ume II  of  the  CPHA  report  A  summary  of  the  data  from 
the  Niagara  River  area  of  concern  is  given  in  Table  4.13 
located  ai  the  end  of  this  chapter. 


This  data  shows  that  there  is  no  significant  con- 
tamination problem  in  the  municipal  water  supply  of 
Niagara  Falls.  Although  some  trihalomethanes  are 
generated  in  the  disinfection  process,  these  are  well 
below  the  drinking  water  standards. 


In  1987,  the  Ontario  Ministry  of  the  Environment 
released  a  report  on  monitoring  at  the  Niagara  Falls 
Water  Treatment  Plant  on  Macklem  Street  in  Chippawa, 
as  part  of  the  DWSP  studies.  The  Niagara  Falls  (OnL) 
plant  is  designed  to  supply  145^00  m'/day  to  the  City 
of  Niagara  Falls  and  a  small  part  of  the  Town  of 
Niagara-on-the-Lake.  TTiis  report  gave  the  results  of  15 
samplings  of  raw  and  treated  water  during  the  year 
1986.  Chemical  analysis  was  conducted  for  six  chemi- 
cal groups  and  the  results  are  presented  in  Table  4.14. 


A  value  indicated  as  positive  is  one  that  is  greater 
than  the  statisucal  limit  of  detection  and  is  quantDiable. 


The  data  reveals  that  for  metals,  inorganic  ions  and 
bacteriological  parameters,  raw  water  values  are  fre- 
quently in  the  detectable  range;  levels  of  metals  and 
organics  are  also  found  in  the  treated  water.  The 
concentrations  of  metals,  inorganic  compounds  and 
bacteria  are  consistent  with  those  found  in  other  water 
supplies  in  the  Pnavince  of  Ontario. 


Most  concentrations  of  organic  compounds  were 
below  detection  limits,  even  though  the  most  sophisti- 
cated equipment  available  was  employed  in  the  chemi- 
cal analysis. 


For  those  parameters  with  Ontario  Drinking  Water 
Objectives  (ODWOs),  none  exceeded  the  Objectives 
with  the  exception  of  organic  nitrogen.  ODWOs  have 
not  been  established  for  some  of  the  compounds  analyzed; 


TABLE  4.14 


Chemical  Compounds  Monitored  at 
Niagara  Falls  Water  Treatment  Plant 

Drinking  Water  Surveillance 
Program  _  1987  Simmiary 

Raw  Water 

Treated 
Water 

Chemical  Scan 

Tests 

#or 

+ves 

#or 

Tests 

#or 

-fves 

Bacteriological 

48 

47 

48 

13 

Field  Chemistry 

36 

36 

71 

71 

1  j»b  Chwnistry 

225 

180 

225 

159 

Metals 

242 

123 

243 

113 

Chloroaromatics 

143 

0 

156 

1 

ChloTophenols 

12 

0 

6 

0 

PAHs 

51 

0 

51 

0 

Pesticides  & 
PCBs 

275 

0 

297 

0 

Mienolics 

U 

0 

11 

1 

Specific 
Pesticides 

161 

0 

155 

0 

Volatile  Organics 

339 

2 

339 

47 

for  these  few  compounds,  reference  was  made  to  appro- 
priate guidehnes  established  by  other  agencies.  No  lev- 
els exceeded  any  drinking  water  guideline  or  objective 
set  by  other  jurisdictions,  such  as  the  U.S.  EPA,  the 
World  Health  Organization,  and  Health  and  Welfare 
Canada.  The  results  of  these  analyses  were  also  consist- 
ent with  those  obtained  in  other  areas  of  the  Great  Lakes. 
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4.3  Ground  Water  Quality 


Field  sampling  and  chemical  analysts  of  ground 
waier  have  been  undertaken  by  a  number  of  par- 
tjes'o-n^^iws^js  Table  4.15  shows  the  results  of 
ground  water  analysis  &x)m  these  studies  and  may  be 
considered  as  representative  of  background  conditions. 
Most  of  the  analyses  represent  water  samples  from  the 
bedrock  aquifer.  The  overburden  aquifer,  because  of 
its  limited  areal  extent  in  the  vicinity  of  Niagara  Falls, 
Sl  Davids  ^id  Fonihill,  is  only  represented  by  four 
analyses. 


Traditionally,  general  ground  water  quality  is 
measured  by  consideration  of  concentrations  of  a  small 
number  of  conventional  chemical  parameters  and  a  few 
metals.  Detailed  chemical  analyses  ofground  water  for 
heavy  metals,  organics.  pesticides  or  herbicides  are  not 
conducted,  except  in  the  case  of  known  or  suspected 
ground  water  contamination. 


One  of  the  traditional  parameters  is  specific  elec- 
trical conductance.  This  is  a  measure  of  the  concentra- 
tion of  ions  in  water  and  historically  has  been  used  as  a 
qualitative  measure  of  overall  ground  water  quality.  A 
drinking  water  criterion  has  not  been  established  for 
this  parameter;  however,  the  closest  applicable  meas- 
ure of  water  quality  using  this  parameter  comes  from 
criteria  which  have  been  produced  for  irrigation  waters 
in  the  State  of  California"  as  shown  in  Table  4.16. 


TABLE  4.15 


Health  and  Aesthetic  Related  Water 
Quality  Parameters  Exceeded  in 
Niagara  Peninsula  Ground  Waters 

Health  Related  Parameters 

Fluoride 

The  concentration  of  fluoride  in 
ground  water  was  found  to 
exceed  the  Provincial  Drinking 
Water  Objective  (DWO)  on 
one  occasion  in  a  deep 
monitoring  well  near  the 
Niagara  River. 

Sodium 

There  is  no  objective  for 
sodium;  however  above  20 
mg/L  restricted  diets  should 
consult  their  physician(*). 
Sodium  concentrations 
exceeded  the  20  mg/L  level 
significanUy  in  most  samples. 

Aesthetic  Quality  Parameters 

Total 
Dissolved 

Solids 

The  DWO  for  total  dissolved 
solids  (TDS)  was  exceeded 
consistently  by  about  six  times. 

Hardness 

The  DWO  for  hardness  was 
exceeded  by  about  three  to  five 
times. 

Sulphate 

The  DWO  for  sulphate  was 
exceeded  by  about  three  to  five 
times. 

Iron 

The  DWO  for  iron  was 
exceeded  by  two  to  ten  times. 

Chloride 

The  DWO  of 
250  mg/L  for 
chloride  was 
exceeded 
infrequently. 

•    sec  references  -96 
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TABLE  4.16 


Ground  Water  Quality  Rating  Based  on  Electrical  Conductance 

Class  Designation 

Specific  Electrical 
Conductance  Limits 

(uS) 

Subclass 
Limits  (uS) 

Class  I 

(suitable  under  most  conditions) 

<1000 

<250                    (excellent) 

250  -  750                    (good) 

750-1000              (permissible) 

Class  n 

(suitability  dependent  on  soil,  crop. 

climate,  etc.) 

1000-3000 

1000-2000              (pennissible) 

2000  -  3000               (doubtful) 

Class  in 

(unsuitable  under  most  conditions) 

>3000 

>3000                 (unsuitable) 

4,3.1  Overburden  Aquitard 


A  number  of  studies""'-"-"  conducted  in  the 
Haldimand  Clay  Plain  have  indicated  very  high  con- 
centrations of  major  ions  in  the  shallow  ground  waters 
in  the  upper  pan  of  the  overburden  aquitard.  In  shallow 
(<9  m)  ground  water  moniiors.  the  specific  electrical 
conductance  ranges  from  3,400  to  9,680  uS.  Below  this 
depth,  specific  conductance  readings  decline  rapidly 
and  reach  levels  of  about  700  uS  at  a  depth  of  25  m. 
High  concentrations  of  ions  are  associated  with  the 
dissolution  of  readily  available  consiiuienis  in  the  highly 
weathered  portion  of  the  near-surface  sill  and  clay 
materials  by  downward  percolating  water"*.  The  de- 
crease in  the  major  ion  concentrations  with  depth  is 
attributable  to  the  slow  downward  movement  of  ground 
water  and  diffusion  of  dissolved  constiments  from  the 
shallow  (poor  quality)  overburden  aquitard  mixing  with 
the  better  quality  ground  water  in  the  deeper  overbur- 
den bedrock  aquifer'". 


4.3.2  Bedrock  Aquifer 


The  specific  electrical  conductance  of  ground  wa- 
ter from  bedrock  wells  in  the  Niagara  River  area  of 
concern  is  shown  on  Figure  4.3.  Values  range  from  643 
to  4,8(X)  uS.  The  distribution  generally  suggests  that 
the  specific  electrical  conductance  of  ground  waters  in 
the  bedrock  is  slightly  higher  than  in  the  overburden. 
Well  water  from  most  of  the  bedrock  wells  is  classified 
unsuitable  as  irrigation  waters  (Class  III).  Very  few 
wells  in  the  area  have  suitable  Class  i  or  Class  n  ratings 
as  shown  on  Table  4.16. 


The  bedrock  of  the  Niagara  Peninsula  south  of  the 
Niagara  Escarpment  is  predominantly  calcareous  and 
comprised  of  glaciated  carbonate  and  shale  bedrock  with 
a  high  content  of  soluble  gypsum.  Large  quantities  of 
absorbed  chloride  and  sulphate  salts  are  retained  by  these 
formations*'.  Because  of  this,  ground  waters  are  gener- 
ally rich  in  chloride  and  sulphate  which  suggests  a  slow 
rate  of  ground  water  movement  This  provides  for  the 
dissolution  of  significant  amounts  of  minerals  from  the 
rock.   The  ground  waters  found  in  the  bedrock  in  the 
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Niagara  Peninsula  were  classified  in  the  mid-1950V. 
Most  of  the  ground  water  samples  are  classed  as  sulphate 
waters. 


Bicarbonate  type  waters  are  similar  in  composition 
to  rain  water  and  appear  only  to  be  present  in  ground 
water  in  those  areas  where  rapid  infiltration  occurs,  usu- 
ally where  the  overburden  aquifer  is  found. 


Those  chemicals  exceeding  Ontario  Drinking 
Water  Objectives"  in  the  Niagara  area  are  identified  in 
Table  4.15. 


The  high  concentrations  of  chloride  and  sulphate 
in  the  ground  waters  limit  their  usability  without  exten- 
sive pre-treatmenL  Although,  as  indicated  above,  this 
chemical  composition  is  entirely  natural,  derived  from 
solution  of  natural  minerals,  it  still  prevents  the  ground 
water  from  being  used  in  large  quantities  in  the  area. 
Bedrock  ground  waters  do  not  appear  to  be  contami- 
nated by  man's  activity  nor  do  they  appear  to  be  widely 
affected  by  man's  requirements. 


4.3.3  Ground  Water  Susceptibility 


The  Ontario  Ministry  of  the  Environment  has 
prepared  a  series  of  majK  detailing  ground  water  sus- 
ceptibility to  contamination.  These  were  produced  in 
response  to  the  widespread  occurrence  of  potential 
contamination  sources  in  Ontario,  ranging  from  waste 
disposal  sites  (landfdls)  to  accideniaJ  spills  of  chemi- 
cals. These  maps  evaluate  the  susceptibility  of  ground 
water  to  potential  sources  of  contamination.  Ground 
water  susceptibility  maps  have  been  produced  for  the 
Niagara  River  (Ontario)  area  of  concern'^  The  maps 
are  also  used  to  flag  environmental  concerns  with 
respect  to  ground  water  contamination  when  a  specific 
land  use  development  is  being  considered.  Due  lo  the 
general  nature  of  these  maps  they  should  not  be  used 
alone  to  determine  site-specific  susceptibility  of  ground 
water  contamination  from  specific  sources.    Site-spe- 


cific investigations  must  be  carried  out  to  determine 
acmal.  local  hydrogeological  conditions  and  to  relate 
these  to  specific  potential  contaminant  sources. 


Ground  water  susceptibility  is  based  on  tiic  three 
hydrogeological  factors  which  play  the  largest  pan  in 
determining  die  movement  of  contaminants  into  the 
ground  water  system:  the  penneability  of  near-surface 
materials,  ground  water  movement  and  the  presence  of 
major  shallow  aquifers. 


4.3.3.1  Overburden  Aquifer 
Susceptibility 


The  major  shallow  aquifer  of  concern  in  the 
Niagara  Peninsula  is  die  Fonthill  Kame  Complex 
which  lies  outside  die  Welland  River  basin  to  die 
soudiwest  of  Su  Catiiarines.  The  protection  of  this 
overburden  aquifa  is  extremely  important  because  of 
its  potential  for  generating  high  yields  and  the  wide- 
spread use  of  this  aquifer  as  a  water  supply.  If  this 
aquifer  were  to  become  contaminated,  the  contami- 
nants would  likely  move  to  depdi  because  of  the  mod- 
erate to  high  rchef  and  because  of  the  deeper  water 
table  in  this  area. 


There  are  also  three  localized  areas  where  odier 
water-bearing  overburden  zones,  based  in  permeable 
glaciolacustrine  sands  are  susceptible  to  contamina- 
tion. These  areas  are  located  in  the  vicinity  of  Niagara 
Falls,  north  and  east  of  Dunnville.  and  along  die  soudi 
shore  of  Lake  Ontario,  the  latter  two  being  outside  the 
Niagara-Welland  basin.  The  ground  water  movement 
in  these  localized  areas  is  slow  due  to  the  low  hydrauhc 
gradient  imposed  on  the  ground  water  by  the  relatively 
flat  topography.  Therefore,  although  these  areas  are 
susceptible  to  contamination  (should  it  occur)  the  con- 
taminants would  not  spnsad  as  r^idly  as  at  Fonthill. 
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4.3.3.2  Overburden  Aquitard 
Susceptibility 

The  soils  of  the  southern  portion  of  the  Niagara 
Peninsula,  above  the  Niagara  Escarpment,  are  com- 
prised of  relatively  impermeable  glacial  deposits  of 
clay,  till  and  silt.  Waters  in  these  deposits  are  not 
generally  useful  as  a  source  of  water  due  to  the  low 
permeability  of  the  rtxk  and  soil  material.  In  some 
areas,  low  yields  of  water  are  obtained  from  these  tight 
soils  by  the  slow  collection  of  ground  waters  in  large- 
diameter  bored  or  dug  wells.  The  potential  for  any 
contaminant  movement  over  appreciable  distances  in 
these  deposits  is  small.  The  need  to  include  susceptibility 
for  contamination  can  be  greatly  enhanced  by  presence 
of  vertical  fractures  which  provide  pathways  for  con- 
taminant movement  especially  those  greater  than  water. 


4.3.3.3  Bedrock  Aquifer 
Susceptibility 


The  limestones  and  dolostones  in  the  Niagara  area 
are  unique  because  of  their  widespread  use  for  water 
supply.  Areas  of  the  Niagara  Peninsula  where  the  bed- 
rock aquifer  is  within  10  m  of  ground  surface  are  consid- 
ered to  be  the  most  susceptible  to  ground  water  contami- 
nation. Such  shallow  bedrock  areas  are  located  in  the 
eastern  part  of  the  study  area:  along  the  north  shore  of 
Lake  Erie,  along  the  Niagara  River  between  Fori  Erie  and 
Chippawa  and  west  of  Niagara  Falls.  Two  small  areas  of 
shale  bedrock  also  subcrop  below  the  Niagara  Escarp- 
ment but,  since  the  shale  is  not  used  as  a  major  source  of 
water,  its  susceptibility  to  contamination  is  considered  to 
be  less  than  that  of  the  carbonate  bedrock  above  the 
Niagara  Escarpment.  While  groundwater  is  used  for 
some  rural  water  supplies,  most  urban  centres  use  surface 
water  supplies. 


4.3.4    Risk  of  Contamination  from 
Ground  Water 


The  available  infomialion  supports  the  hypothesis 
that  ground  water  within  the  Niagara-Welland  basin  is 
relatively  slow  moving  with  a  low  risk  of  being  contami- 
nated. Situations  exist  that  could  lead  to  ground  water 
contamination,  for  example  extensive  bedding  plane 
fracuires,  but  in  general,  such  contamination  would  not 
migrate  tothe  Wellandand  Niagara  rivers  and  contribute 
to  surface  water  contammaiion. 


4.3.5    Contaminated  Ground  Water 


Contaminated  ground  water,  leachate  and  surface 
water  runoff  can  each  adversely  affect  the  water  quality 
in  the  Niagara  and  Welland  Rivers.  Of  these  inputs,  the 
contribution  from  ground  water  is  the  hardest  to  deter- 
mine. Pollutant  loadmgs  from  ground  water  are  not  well 
known  due  to  the  complexity  in  determming  the  exact 
movement  of  contaminants  beneath  the  earth's  surface. 


Before  the  influence  of  contaminated  ground 
water  can  be  defined,  it  must  be  determined  if  the 
ground  water  itself  can  be  or  has  been  contaminated.  In 
Section  2.4,  the  physical  surface  layers  were  described 
in  detail.  The  massive  clay  plain  which  overlies  most 
of  the  Area  of  Concern  provides  excellent  protection 
for  the  ground  water  from  contaminants  which  are 
deposited  on  the  ground  surface. 


Investigations  undertaken  in  a  number  of  locales 
within  the  Area  of  Concern  have  shown  that  the  water- 
bearing units  have  remained  free  of  contamination 
from  human  activities.  Although  the  high  mineral 
nature  of  the  bedrock  has  made  the  aquifer  high  in 
dissolved  minerals,  these  dissolved  chemicals  will  not 
adversely  affect  the  surface  waters  in  the  Area  of 
Concern,  were  they  to  be  discharged  to  the  surface 
waters.  The  high  mineral  content  of  this  water  inhibits 
potability  but  can  easily  be  removed  through  conven- 
tional water  treatment  processes. 
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In  Section  4.3.3.  several  areas  are  idenlified  where 
the  overburden  consists  of  more  permeable  materials  or 
the  clay  layer  is  thin  and  the  potential  for  ground  water 
contamination  i.s  greater.  Ground  water  has  been  con- 
taminated in  a  number  of  these  isolated  pockets  in  the 
Area  of  Concern.  These  are  located  where  an  insuffi- 
cient thickness  of  clay  soils  overlies  the  ground  water. 
The  sites  of  these  occurrences:  in  the  Fort  Erie  area,  along 
the  side  of  the  Niagara  Gorge  and  along  the  Niagara 
Escarpment,  are  associated  with  waste  disposal  sites  and 
chemical  spills. 


Remedial  activities  have  been  underway  within 
Ontario  to  correct  each  of  these  problem  sources  of 
pollution  as  they  have  arisen.  In  the  1970's,  abatement 
activities  centred  around  conventional  pollutants  such 
as  Biochemical  Oxygen  Demand  (BOD),  suspended 
solids,  phosphorus,  oil  and  grease.  In  the  late  1970"s 
the  significance  of  excessive  levels  of  heavy  metals 
became  well  known  and  abatement  of  sources  of  these 
contaminants  was  undertaken  by  the  respective  agen- 
cies on  a  case-by-case  basis. 


In  the  1980's.  great  concern  arose  over  the  im- 
pact of  toxic  wastes  buried  at  hazardous  waste  sites 
such  as  the  Love  Canal  in  Niagara  Falls  (N.Y.)  and 
nation-wide  and  international  attention  was  focused  on 
the  Niagara  River.  The  majority  of  the  contaminated 
ground  water  problem  lies  with  hazardous  waste 
dumpsites  on  the  U.S.  side  of  the  Niagara  River. 


Abatement  activities  with  respect  to  ground  wa- 
ter contamination  on  the  Canadian  side  of  the  Niagara 
River  have  been  expanded  to  include  the  control  and 
remediation  of  toxic  metals  and  organic  pollutants. 
Investigations  and  remediation  of  this  contamination  is 
continumg  with  the  respective  federal  and  provincial 
agencies. 


A  study  recently  completed  for  the  MOE'^"  has 
involved  an  evaluation  of  Canadian  waste  disposal  sites 
identical  to  one  conducted  for  the  EPA  in  1988.  This 
study  identified  many  data  gaps  in  the  varied  studies 
conducted  on  all  sites.  It  was  determined  that  a  "best 
estimate"  total  of  30.5  kg/day  of  toxic  contaminants 


have  the  potential  to  be  discharged  from  Canadian  waste 
disposal  sites  to  the  Niagara  or  Welland  Rivers.  Of  this 
total.  26.4  kg/day  is  attributed  to  contaminated  ground 
water;  consisting  of  26.4  kg/day  of  inorganic  contami- 
nants and  0.01  kg/day  of  organic  contaminants. 


The  largest  portion  of  the  potential  loading,  25.8 
kg/day  of  one  inorganic  chemical  (cyanide)  comes  from 
one  location,  the  disposal  sites  surrounding  the  Cyana- 
mid  plant  in  Niagara  Falls  (Onl.).  The  loading  estimate 
considers  the  cyanide  to  be  completely  in  the  form  of  free 
cyanide  (the  toxic  component).  The  cyanide  is  also 
treated  in  the  report  as  a  conservative  substance  (i.e.  no 
degradation).  In  fact,  cyanide,  although  toxic,  is  not 
persistent  and  readily  degrades  biologicallv  and 
photochemically.  Actual  measurements  from  this  area  at 
ground  water  monitors  on  the  perimeter  indicate  elevated 
levels  of  the  breakdown  products  in  the  nitrogen  cycle 
(NO,,  NO,,  NH^  and  organic  nitrogen)  but  no  evidence  of 
either  free  or  complexed  cyanide.  A  remediation  plan  for 
this  site  has  been  submitted  to  the  Mini.stry  of  the  Envi- 
ronment and  will  be  presented  to  the  public  in  the  spring 
of  1992.  If  the  plan  is  accepted,  remediation  will  start  in 
1993. 


There  is  no  evidence  of  contamination  of  ground 
water  by  chlorinated  organics  on  the  Canadian  side  of 
the  Niagara  River,  including  the  entire  drainage  basins 
of  the  Welland  River  and  all  the  small  tributaries  to  the 
Niagara  River  between  Fort  Erie  and  Niagara-on-the- 
Lake. 
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4.4  Contaminants  in  Biota 


Since  aquatic  biota  are  in  continuous  contact 
with  their  environment,  contaminant  levels  observed 
in  tissues  are  a  primary  indication  of  waler-bome 
contaminant  levels.  Aquatic  biota  also  integrate  con- 
taminants over  time,  thereby  reflecting  those  contami- 
nants which  are  introduced  sporadically  into  the  envi- 
ronment or  occur  in  water  at  levels  below  current 
analytical  detection  hmits.  Determination  of  con- 
taminant levels  in  resident  aquatic  biota  is  thus  a 
useful  tool  for  identifying  areas  of  contamination  and 
the  relative  degrees  of  contamination  in  various  seg- 
ments of  the  river. 


The  measurement  of  inorganic  and  organic  con- 
taminants in  the  lower  trophic  levels  of  the  ecosystem 
also  provides  information  on  biological  availabiUiy 
and  potential  for  biomagnification.  These  data  are 
essential  in  the  determination  of  ecosystem  contami- 
nant dynamics. 

A  wide  variety  of  plants  and  animals  may  be 
used  as  biological  monitors  of  contaminant  levels. 
The  choice  of  a  biological  monitor  is  dependent  on  the 
chemical  of  interest  (organic  or  inorganic  contami- 
nants), the  trophic  level  and  what  portion  of  its 
Ufecycle  the  organism  spends  in  a  specified  region. 


Aquatic  biota  can  also  be  introduced  to  an  area 
as  a  biological  monitor.  The  accumulation  of  con- 
taminants by  introduced  aquatic  biota  is  valuable  for 
investigations  where  a  resident  population  cannot  be 
sustained.  The  ability  to  place  a  biological  monitor  at 
a  specific  location  for  a  pre-determined  period  of 
exposure  is  also  an  advantage  in  that  variabiUty  due  to 
movement,  age  or  size  and  contaminant  body-burden 
at  the  start  of  the  exposure  period  can  be  controlled. 


4.4.1  Biota  -  Algae 


Attached  filamentous  algae  fCladonhora 
elomeraia)  can  serve  as  a  useful  biomonitor  of  con- 
taminant source  areas  due  to  its  growth  habits,  prolif- 
eration throughout  die  Niagara  River  and  its  non- 
mobile  naUire.  Since  this  algae  grows  attached  to 
rocky  substrates,  obtaining  all  its  nutrient  require- 
ments from  the  ambient  water,  any  increase  in  its 
coni^ninant  concentrations  can  be  directly  related  to 
uptake  from  the  water  column. 


Cladoohora  is  frequentiy  used  as  an  indicator  of 
trace  metal  pollution  rather  than  as  a  monitor  of 
organic  contaminants.  Cladoohora  responds  to  metals 
in  solution,  whereas  trace  organics  exhibit  a  higher 
degree  of  association  with  particulate  matter.  There- 
fore, biomonitoring  of  Cladoohora  for  metals  comple- 
ments other  studies  of  the  aquatic  ecosystem. 


Since  1980.  the  Ontario  Ministi^  of  the  Envi- 
ronment has  annually  monitored  PCB  and  elemental 
concentrations  in  Cladoohora  at  shoreline  sites  in  the 
Niagara  River.  The  Niagara  River  Toxics  Commit- 
tee*' reported  the  following  based  on  a  summary  of 
existing  data  at  that  time: 


Cladoohora  specimens  taken  from  the  Niagara 
River  at  Fort  Erie,  the  Chippawa  Channel  and  the 
lower  river  ail  exhibited  higher  levels  of  the  following 
contaminants  than  the  Lake  Erie  specimens: 


lead  selenium 

PCBs  chromium 

nickel 


zinc 

copper 


The  Fon  Erie  specimens  exhibited  higher  levels 
of  mercury  and  the  lower  river  specimens  showed 
elevated  concentrations  of  mercury,  cadmium  and 
arsenic. 
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In  a  source  invesiigaiion  study  carried  oul  by  the 
Ontario  Ministry  of  the  Environment  in  1987",  the 
following  sites  had  the  highest  mean  values,  of  a  total 
of  34  sites  surveyed  on  both  sides  of  the  Niagara  River, 
for  the  elements  indicated.  See  Figures  4.4  at  the  end 
of  the  chapter. 


Canadian  side: 

Boyers  Creek  (aluminum) 

Lyons  Creek  (barium,  cobalt  &  nickel) 

&  Usshers  Creek  (titanium,  magnesium) 

American  side: 

Occidental's  sewer  (X)3  (arsenic  &  toial 
Kjeldahl  nitrogen) 

2-mile  Creek  (beryllium,  manganese  & 
phosphorus) 

Landfill  North  (boron) 

Bloody  Run  Creek  (cadmium) 

Love  Canal  (chromium  &  mercury) 

Pettit  Flume  (copper,  iron  &  lead) 

Gill  Creek  area  (selenium  &  zinc) 


Although  there  are  exceptions,  a  general  pattern 
of  gradually  increasing  downstream  levels  was  seen 
on  the  Canadian  side  of  the  Upper  Niagara  River  for 
the  following  elements:  aluminum,  barium,  cobalt, 
chromium,  copper,  iron,  magnesium,  nickel  and  tita- 
nium. For  these  elements,  the  highest  results  were 
found  at  tributaries  Boyers  Creek  and  Lyons  Creek". 


Studies  undertaken  by  the  Ministry  of  the  Envi- 
ronment from  1980  to  1987  have  shown  mercury 
levels  in  Cladonhora  from  specific  sites  in  the  mid- 
Niagara  area  and  in  the  Si.  Clair  River  to  be  the  highest 
levels  found  in  the  Great  Lakes.  The  Niagara  sites: 
Love  Canal  (0.85  -  2.35  ug/g)  and  Gill  Creek  (0.45  - 
1.09  ug/g).  are  both  situated  on  the  American  side  of 
the  river.  Elevated  levels  of  mercury  (above  0.05  ug/g) 
during  the  same  period  have  been  found  in  samples 


from  the  upper  river  on  the  Canadian  side  at  levels 
ranging  from  less  than  O.OI  to0.13ug/g.  Overall,  itis 
apparent  that  the  Niagara  River  Cladonhora  mercury 
levels  were  found  to  be  higher  in  the  early  1980's  and 
lower  in  the  late  1980's.  This  trend  is  most  evident  in 
the  lower  river  on  the  Canadian  side  and  in  the  middle 
of  the  river  on  the  American  side". 


PCB  levels  in  samples  taken  at  Gill  Creek  (U.S.) 
(2200  - 16000  ng/g)  during  1982-87  studies  have  been 
identified  as  the  highest  levels  in  the  Great  Lakes 
sampling.  Elevated  levels  (above  200  ng/g)  in 
Cladonhora  at  Love  Canal  (152  -  442  ng/g).  Landfill 
North  (120  -  578  ng/g)  and  Bloody  Run  Creek  (<20  - 
1810  ng/g)  were  also  recorded  on  the  American  side  of 
the  river  only. 


The  Niagara  River  (17-57  ug/g  at  Gill  Creek) 
and  Sl  Clair  River  samples  had  the  highest  overall 
lead  levels  in  the  1982  to  1987  Great  Lakes  surveys 
(MOE  data  report  in  press).  No  clear  trends  are 
evident  however  the  data  suggests  decreasing  levels 
on  the  Niagara  River.  These  decreases  may  be  due  to 
the  variability  of  sampling  and/or  weather  induced 
factors  which  affect  the  bioavailability  of  lead  in  the 
envircmmeni. 


4.4.2  Biota  -  Fish 


Fish  accumulate  chemical  substances  from  water 
and  from  the  aquatic  food  chain.  Consumption  of 
contaminated  fish  provides  a  major  route  of  exposure 
for  numerous  organic  compounds  to  man  as  well  as 
other  fish-eating  organisms  (e.g.  gulls,  mergansers 
and  mink).  Biomonitoring  for  contaminants  in  fish  is 
carried  out  under  two  programmes  within  the  Ontario 
Ministry  of  the  Environment:  young-of-the-year 
spoitail  shiner  collections  and  the  sport  fish  programme 
conducted  in  cooperation  with  the  Ontario  Ministry  of 
Natural  Resources. 
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High  levels  of  phenols  can  lead  lo  lainiing  of  fish 
flesh.  Levels  of  phenols  have  been  recorded  over  the 
water  quality  objective  in  Frenchman's  Creek,  how- 
ever, little  work  has  been  done  to  relate  concentrations 
in  the  organisms  to  effects  on  the  population". 


4.4.2,1  Spottail  Shiners 


Young-of-the-year  spottail  shiners  fNotronis 
hudsQniujs"i  have  proven  to  be  sensitive  biomonitors 
fororganochlorines  and  mcials.  Accumulated  residues 
of  these  substances  reflect  the  most  recent  water  qual- 
ity conditions  and  bioavailability  of  contaminants  for 
a  given  locality.  Due  to  their  restricted  habitat,  young- 
of-lhe-ycar  spottail  shiners  have  useful  applications  in 
compliance  monitoring  and  the  detection  of  recently 
introduced  persistent  contaminants  from  land-based 
sources. 


In  accordance  with  the  long-term  biological 
monitoring  recommendations  of  the  NRTC  report, 
yearly  sampling  of  young-of-the-year  spottail  shiners 
has  been  continued  by  the  Ministry  of  the  Environ- 
ment since  1975.  Table  4.17  (located  at  the  end  of  this 
chapter)  summarizes  the  findings  at  several  locations 
on  the  Canadian  side  of  the  Niagara  River. 


Although  residue  levels  of  PCBs  in  spottail 
shiners  are  significantly  lower  than  comparable  resi- 
due accumulations  of  the  mid-1970's  the  downward 
trends  identified  in  earlier  collections  have  moderated 
considerably  in  the  1980's.  PCB  residue  levels  during 
a  four  year  period  (1979-1983)  showed  little  change  at 
Niagara -on -the -Lake.  Residue  concentrations  for 
PCBs  in  1985  were  generally  lower  than  concentra- 
tions in  the  1984  collections;  and  remained  consistent 
in  1987  and  1988.  Concentrations  decreased  consider- 
ably in  1989  but  then  increased  significantly  (p<0.05) 
in  1990.  Sampling  by  the  New  York  State  Department 
of  Environmental  Conservation  between  1981  and 
1987  indicated  an  86%  decline  in  total  PCBs  in  the 
Niagara  River,  a  significant  reduction  when  combined 


with  Suns'  (1985)  data";  however,  1990  samples 
showed  PCB  concentrations  were  significantly  highCT 
(p<0.05)  than  samples  from  1988  and  1989  at  all  sites 
in  the  lower  Niagara  River.  The  highest  concentra- 
tions were  found  in  shiners  collected  from  the  New 
York  State  shoreline  at  Lewiston. 


The  most  pronounced  PCB  residue  reductions  in 
1985  samples,  in  absolute  terms,  were  noted  at  the 
Pettit  Hume  in  North  Tonawanda  and  at  Wheatfield 
(both  upper  Niagara  River  locations)  in  New  York 
State.  Tlie  1985  PCB  levels  (127+38  ng/g)  still  ex- 
ceeded the  UC's  Great  Lakes  Water  Quality  Objective 
for  whole  fish  of  I(K)  ng/g.  In  1987,  one  of  three  sites 
sampled  in  the  Niagara  River  was  in  excess  of  the  ICX) 
ng/g  objective. 


Total  DDT  residue  fluctuations  remain  largely 
unexplained,  although  residue  increases  at  Niagara- 
on-the-Lake  in  1981  and  1982  were  investigated  and 
appeared  to  be  related  to  agricultural  runoff  with  high 
DDT  content".  DDT  residues  consisted  largely  of  the 
metabolite  DDE  and  have  not  exceeded  the 
I,0(X)  ng/g  UC's  Great  Lakes  Water  Quality  Agree- 
ment whole  fish  objective.  Samples  collected  in  1985 
by  the  Department  of  Environmental  Conservation  in 
the  Buffalo  River  had  the  highest  concentrations  of 
p,p'-DDD  of  all  their  Great  Lakes  sites  (mean  34  ng/g, 
min.  29  ng/g,  max.  40  ng/g)".  None  of  the  1987 
collections  by  the  Ministry  of  the  Environment  ex- 
ceeded the  total  DDT  (and  congeners)  objective  of 
1  ,(X)0  ng/g";  however,  concen  nations  increased  in  1989 
and  1990  at  several  locations. 


Although  temporal  trends  in  the  concenu^tion  of 
mirex  in  the  Niagara  River  remain  undefined  due  lo  the 
extreme  fluctuations  in  residue  concentrations,  mirex 
levels  in  recent  spottail  shiner  collections  were  clearly 
lower  than  residue  concentrations  in  comparable  sam- 
ples from  the  mid-1970's.  The  decline  is  likely  associ- 
ated with  the  discontinuation  of  mirex  packaging  op- 
erations at  Niagara  Falls.  New  York  during  the  mid- 
1970's.  The  guideline  for  the  protection  of  aquatic  life 
requires  that  mirex  be  "substantially  absent"  in  the 
biota".  In  1990  mirex  was  detected  in  samples  taken 
from  the  Canadian  side  of  the  Niagara  River  both  at 
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Niagara-on-the-Lake  and  ai  Queenston.  All  samples 
taken  downstream  of  the  102nd  Street  landfill  on  the 
New  York  side  had  measurable  mirex  concentrations 
in  1990. 


A  considerable  decline  in  mercury  concentra- 
tions was  observed  at  Niagara-on-the-Lake  between 
1 977  and  1980;  however,  recent  mercury  residue  levels 
indicate  a  levelling  off  of  this  decline.     Mercury 


residues  in  all  MOE  Great  Lakes  spottail  shiner  collec- 
tions were  found  to  be  below  the  Aquatic  Life  Guide- 
line of  500  ng/g^\ 


Generally,  there  are  no  indications  that  signifi- 
cant changes  are  taking  place  in  total  DDT,  mirex,  total 
BHC.  hexachlorobenzene  or  octachlorostyrene  residues 
that  may  be  construed  as  trends. 


TABLE  4.18 


Tetrachlorodibenzo-p-dioxin  (2,3,7,8-TCDD)  Residues  in 
Young-of-the-Ye^r  Spottail  Shiners  from  Selected  Sites  in  the  Niagara 
River 

2,3,7,8-TCDD 

Site 

Sampling  Site 

1981 

1982 

1983 

N 

Pg/g 

N 

pg/g 

N 

pg/g 

46 

Fort  Erie 

1 

ND 

47 

Frenchman's  Creek 

1 

15 

1 

ND 

49 

Wheatfield,  N.Y. 

1 

ND 

50 

102nd  St.  Niagara  Falls,  N.Y. 

2 

8 

51 

Cayuga  Creek,  N.Y. 

2 

59 

52 

Search  &  Rescue  Stn.,  N.Y. 

1 

ND 

1 

ND 

53 

Ussher's  Creek 

1 

ND 

1 

ND 

58 

Peggy's  Eddy,  N.Y. 

2 

7 

59 

Niagara-on-the-Lake 

2 

14 

Detection  Limit  -  3  pg/g 

ND   -  Non  detectable 

N       -  Number  of  samples;  Each  sample  is  a  composite  of  20  fish. 
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Table  4.19 


Polychlorinated  Dibenzofuran  Residues  in  Young-of-the-Year  Spottail 
Shiners  from  Selected  Sites  in  Niagara  River  -  1983 

Congener  Mix  %  to  Total 

Sampling  Site 

N 

4CI 

SCI 

6CI 

TCI 

8CI 

PCDF-pg/g 

Wheatfield  N.Y. 

1 

24          17           38           20           1 

3179 

Search  &  Rescue  Stn. 
Niagara  Falls,  N.Y. 

1 

56         23           17           4           0 

646 

Ussher's  Creek  Ont. 

1 

99           1             0            0           0 

232 

Niagara-on-the-Lake 

1 

57          19           16           8            0 

680 

N     =  number  of  sampling  periods 

4C1  =  tetrachlorodibenzofurans 

5C1  =  pentarhlorodibenzofurans 

6C1  =  hexachlorodibenzofurans 

7C1  =  heptarhlorodibenzofurans 

8C1  =  octachlorodibenzofuran 

PCDF  =  polychlorodibenzofurans  (sum  of  congeners) 

Tables  4.18  and  4.19  preseni  results  of  residue 
analysis  for  tetra-chlorodibenzo-p-dioxin  (2,3.7,8- 
TCDD)  and  polychlorinated  dibenzofurans  from  se- 
lected Canadian  and  U.S.  sites  on  the  Niagara  River. 


Data  from  the  1990  collections  at  Cayuga  Creek 
N.Y.  and  Niagara-on-the-Lake  show  that  dioxin  avail- 
ability has  decreased.  The  mean  concentration  of 
2.3.7,8-TCDD  which  was  59  pg/g  (parts  per  trillion)  in 
the  1981  Cayuga  Creek  collection,  showed  only  8  pg/ 
g  (8.8  pg/g  of  2.3.7.8-TCDD  eouivalenK^  in  the  1990 
collection.  These  results  arc  in  agreemcnl  with  results 
published  by  NYDEC.  DEC  investigations  show  that 
fish  contaminant  levels  decreased  by  22-80%  follow- 
ing clean-up  activities  in  the  Cayuga/Black/Bergholtz 
Creek  system  associated  with  the  remediation  of  the 
Love  Canal.  2,3,7,8-TCDD  concentrations  in  shiners 
taken  from  Niagara-on-the-Lake  have  similarly  reduced 
from  14  pg/g  in  1981  to  not-detected  in  1990. 


4.4.2.2  Sport  Fish 


The  Niagara  River  has  beai  monitOTed  since 
1978  as  pan  of  the  Ontario  Sport  Fish  Contaminant 
Monitoring  Program  because  it  is  a  popular  angling 
location.  This  programme  is  a  co-ordinated  undertak- 
ing of  two  Ontario  Ministries;  the  Ontario  Ministry  of 
Natural  Resources,  whose  staff  is  responsible  for  col- 
lecting fish  flesh  and  the  Ministry  of  the  Environment, 
whose  staff  analyses  the  fish  for  various  contaminants, 
using  skinless,  boneless,  dorsal  fiUet  samples.  Con- 
sumption advisones  for  Ontario  anglers  are  then  pro- 
vided for  various  sizes  of  each  species  tested.  The 
advisories  are  based  on  human  health  protection  advice 
provided  by  medical  specialists  in  the  Ministry  of 
Labour,  and  on  Health  and  Welfare  Canada  guidelines 
for  commercially  marketed  fish.  Consumption  advice 
on  Niagara  River  sport  fish  as  well  as  sport  fish  from 
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over  1,600  Ontario  locaiions  is  provided  to  the  public 
in  the  annually  updated  "Guide  to  Eating  Ontario 
Sport  Fish".*'* 


A  number  of  sport  fish  species  have  been  sam- 
pled from  both  the  upper  and  lower  Niagara  River.  In 
the  upper  Niagara  River  (Table  4.20),  only  freshwater 
drum  over  35  cm  and  white  suckers  over  45  cm  are  not 
suitable  for  unlimited  consumption.  The  drum  are 
restricted  due  to  PCB  values  above  the  2.0  ppm  crite- 
rion, while  mercury  levels  above  the  0.5  ppm  criteria 
are  causing  the  consumption  restrictions  on  white 
suckers.  In  the  lower  Niagara  River  (Table  4.21),  the 
following  species  have  consumption  restrictions  due 
to  PCB/mirex  values  above  the  federal  guidelines: 

American  Eel  >  55  cm 
Rainbow  Trout  >  65  cm 
White  Perch  >  25  cm 
Lake  Trout  >  25  cm 
Channel  Catfish  >  65  cm 
Chinook  Salmon  >  65  cm 
Coho  Salmon  >  55  cm. 


It  must  be  noted  thai  some  species,  particularly 
sport  fish  are  nomadic  in  nature.  Those  caught  in  the 
Niagara  River  will  have  spent  considerable  time  in  the 
adjacent  Great  Lake  (Erie  or  Ontario).  Exposure  to 
chemicals  outside  ihe  Niagara  River  may  have  con- 
tributed 10  the  levels  delected. 


For  all  these  species,  women  of  childbearing  age 
and  children  under  15  should  not  consume  these  fish. 
For  adult  males  and  women  not  in  the  childbearing  age 
category,  consumption  should  be  limited  to  one  to  two 
meals  per  month.  As  well,  yellow  perch,  while  suit- 
able for  unlimited  consumption  at  sizes  below  30  cm, 
have  consumption  restrictions  due  to  mercury  levels 
of  between  1 .0  and  1 .5  ppm  in  sizes  above  30  cm.  Lake 
trout  (which  tend  to  accumulate  the  highest  organic 
contaminant  levels  among  Lake  Ontario  spon  fish) 
sampled  near  the  mouth  of  the  river  were  restricted 
above  25  cm  due  to  elevated  PCB  and  mirex  levels. 


Mirex  has  been  acknowledged  as  the  contami- 
nant most  limiting  to  sport  fish  consumption  in  Lake 
Ontario.  Three  potential  sources  of  Mirex  to  Lake 
Ontario  have  been  identified:  the  Niagara  River,  the 
Oswego  River  and  the  Credit  River.  Recent  work  by 
Ontario  and  New  York  indicate  that  inputs  from  the 
Oswego  River  are  lessening  and  that  no  impact  from 
the  Credit  River  has  been  detected. 


Mirex  was  not  detected  in  the  upper  Niagara  in 
any  of  the  yellow  perch  and  white  suckers  sampled. 
Nor  was  it  detected  in  any  of  the  rainbow  trout  sam- 
pled except  one.  For  these  same  species  in  the  lower 
Niagara,  mirex  was  detected  in  almost  all  the  spon 
fish  samples,  with  maximum  values  above  the  100  ppb 
federal  government  guideline  in  white  sucker  and 
rainbow  trout.  As  well,  lake  trout  were  sampled  in  the 
lower  Niagara,  and  all  samples  were  above  the  100 
ppb  guideUne.  These  results  indicate  a  definite  source 
of  mirex  in  the  Niagara  River.  Table  4.22  shows  the 
comparative  mirex  results  for  sport  fish  sampled  in  the 
upper  and  lower  Niagara  River  in  1986. 


Mean  mirex  levels  in  lower  Niagara  River  white 
sucker  and  yellow  perch  increased  slightly  throughout 
the  early  1980's  (Table  4.23).  which  further  indicates 
a  continuous  input  from  the  Niagara  River. 


Mean  mirex  values  in  white  sucker  and  yellow 
perch  from  Lake  Ontario  do  not  exceed  the  100  ppb 
consumption  guideline;  however,  the  concentration 
did  not  decline  between  1982  and  1986,  also  suggest- 
ing continuing  input  ft-om  the  Niagara  River.  Mirex 
levels  in  lake  trout  and  rainbow  trout  are  more  than 
double  the  100  ppb  guideline,  indicating  severe  con- 
tamination of  these  species.  While  the  1986  mean 
mirex  level  in  rainbow  trout  is  substantially  less  than 
the  guideline  (Table  4.23),  any  rainbow  trout  over  65 
cm  in  length  will  exceed  the  guideline,  therefore 
significantly  impairing  the  utilization  of  these  fish  for 
food.  Although  mirex  is  present  in  substantial  conThe 
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TABLE  4.20 

Consumption  Advisories  for  Sport  Fish  from  the  Upper  Niagara  River 

Fish  Size  in  Centimetres 


Water  Body 

Fish  Speclet 

15-20 

20-25 

25-30 

30-35 

35-45 

45-55 

55-65 

65-75 

>75 

Upper  Niagara 
Rvsr 

Rainbow  Smelt 

<24 

Freshwater  Drum 

<2a 

<3i 

O^ 

<^ 

^1^ 

(Fort  Erio) 

Yeilow  Perch 
Rock  Bass 
White  Bass 
Smallmouth  Bass 
Rainbow  Trout 

<7^ 

c:^ 

Oi 

<::^ 

Redhorse  Sucker 

c:^ 

0:1 

C>i 

o^ 

c:^ 

Cii 

Ol 

Miller  Creek 

Smallmouth  Bass 
Yellow  Perch 

c^ 

o^ 

Oi 

White  Sucker 

Cli^x 

OS 

<03 

Oi 

<Si4 

Rainbow  Trout 

d^ 

o^ 

C^i 

Upper  Niagara 
R  ver  Between 

Yellow  Perch 

<05 

<:yi 

Oa 

Fort  Erie  and 

Rainbow  Trout 

<03 

Clia 

c:^ 

Duuferin  Island 

White  Sucker 

Cit 

c^ 

<2a 

15-20   20-25  25-30   30-35  35^15  46-55   55-65   66-75   >75 


Consumption  Guidelines  for  Fish  Caught  by  Anglers 

ConsumptioD Advisory  Level 

Frequency 

Long-term 
Consumption 


0=J  <3^  cCN  <^;^ 


no 
restrictions 


0^kO.wtc 


O.lkQ/WtL 


1-2  meals/mo. 
O^kO/mo. 


nam 


One  Week 
Vacation 


no 
reEtrtcttons 


10  ma* 


7lTWllS 

1.5  Kg. 


1-2meali 
0.51(0. 


Two  Week 
Vacation 


no 

restrfcUons 


5meals/wk. 
lJi(Q./wk 


0.81cD./wk. 


1-2mBaWMc 

CSkgTwk. 


none 


Three  Week 
Vacation 


no 
restrictions 


4mMtsAvk. 
IkOTwk. 


3msats^/k. 


1-2meats/wk 
O^ksJwk. 


none 


Children  Under  15  and  Women  of  Childbearing  Age  Should  Eat  ONLY  FISH  IN  CATEGORY      ^^^^^^ 
Source:     The  Guide  to  Eating  Ontario  Sport  Fish,  February  1990 
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TABLE  4.21 

Consumption  Advisories  for 


Sport  Fish  from  the  Lower  Niagara  River 

Fish  Size  in  Centimetres 


WttBrBody 

Fish  Sp«cle« 

15-20 

20-25 

25-30 

30-35 

35-45 

45-55 

55-65 

65-75 

>75 

Lower  Niagara 

American  Eel 

C^ 

<^ 

«^;^ 

«^^ 

River 

Rainbow  Trout 

Oa 

c:^ 

C^ 

<3a 

d^ 

<^ 

•<:^ 

(Queenston  to 
Whirlpool) 

Yellow  Perch 
Walleye 
Muslcie 
Northern  Pike 
White  Sucker 
Coho  Salmon 
Rock  Bass 

C3i 

<3a 

Smallmouth  Bass 

Oi 

C^i 

c:^:! 

<a^ 

<S^ 

White  Perch 

<:yi 

<;^ 

<^^ 

Brown  Bullhead 

c:^ 

Oa 

Redhorse  Sucker 

<;^=x 

<::^ 

Cia 

<:^ 

Rainbow  Smelt 

<05 

Lake  Trout 

<^^ 

<;^  ^^ 

Qiannel  Catfish 

<33 

r^ 

<:33 

<r^ 

<^ 

Freshwater  Dnim 

<o* 

Oi 

<^^ 

Oa 

White  Bass 

<2A 

C33 

Chinook  Salmon 

<;-^ 

c^ 

^^^ 

<^^ 

L,ake  Ontario, 
Niagara-oo  -the-Lake 

Lake  Trout 

<^ 

<^^ 

<^^ 

<^^ 

<;^ 

to  Port  WeUer 

Rainbow  Smelt 

0=s 

15-20   20-25  25-30   30-35  35-45  45-55   55-65   65-75   >75 


Consumption  Guidelines  for  Fish  Caught  by  Anglers 

CoDSumptiop ^ Advisory  Level 

Frequency 

Long-term 
Consumption 


<2a  <x^  <tN  <^^ 


no 
resirlctloiis 


a2lKQM\L 


O.lkoMc 


1-2maal8/mo. 
0.5  kg/mo. 


nons 


One  Week 
Vacation 


restilctloni 


lOnwab 
ZSkg. 


l^kg. 


1-2nwals 
OJkO. 


Two  Week 
Vacation 


no 
FKlricttons 


SmoalsMc. 


o.ako7Wk. 


1-2inaitoMc 
O.SI(oJW(c 


none 


Three  Week 
Vacation 


restrlcllons 


4meali/wk. 


SmaalsAvk. 
0.6IC0JW1C 


1-2mstls/wk 
(LSkQTwk. 


none 


Children  Under  15  and  Women  of  Childbearing  Age  Should  Eai  ONLY  FISH  IN  CATEGORY     ^Zl^ri 
Source:    The  Guide  to  Eating  Ontario  Sport  Fish,  Febroary  1990 
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TABLE  4.22 

Mirex  in  N 

iagara  River  Sport  Fish 

Sampling 
Location 

Species 

# 

Len 

Mean 

(cm.) 

jth 
Range  (cm.) 

Mirex  Concentration 

Mean              Range 
(ppb)               (ppb) 

Upper 

Niagara 

River 

Yellow 
Perch 

17 

18.4 

15.2-25.8 

ND 

ND 

White 
Sucker 

6 

33.5 

15.8-44.8 

ND 

ND 

Rainbow 
Trout 

12 

36.4 

31.0-47.0 

ND 

ND-12 

Lower 

Niagara 
River 

Yellow 
Perch 

20 

23.5 

19.9  -  35.0 

7 

ND-134 

While 
Sucker 

20 

39.3 

28.4- 5  L7 

24 

ND-160 

Rainbow 

Trout 

20 

58.2 

40.0  -  90.5 

60 

ND-218 

Lake 
Trout 

20 

66.6 

56.1-72.8 

251 

114-540 

LEGEND: 
NOTE: 

#  -numberof  fish  analyzed 

ND  -  not  detected  (detection  limit  =  5  ppb) 

for  ND,  the  detection  limit  value  was  used  in  calculali 

ng  the  mean 
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TABLE  4.23 


PCB  and  Mirex  levels*  (ppb)  in  sportfish  1978-1984 
Lower  Niagara  River 

(Queenston-Whirlpool) 

PCB  (guideline  =  2000ppb) 

Species 

'84 

'82 

'81 

'80 

'78 

Lake  Trout 

3284 

- 

- 

- 

- 

Rainbow  Trout 

- 

1075 

- 

- 

- 

White  Sucker 

- 

1081 

692 

505 

- 

Yellow  Perch 

- 

222 

194 

86 

- 

White  Perch 

- 

1394 

- 

- 

- 

Rock  Bass 

- 

146 

270 

- 

- 

Smallmouth  Bass 

- 

- 

366 

- 

- 

Eel 

- 

- 

2928 

- 

Coho  Salmon 

- 

- 

- 

- 

2094 

MIREX  (guideline  =  100  ppb) 

Species 

'84 

•82 

•81 

•80 

'78 

Lake  Trout 

269 

- 

- 

- 

Rainbow  Trout 

- 

70 

- 

- 

White  Sucker 

- 

27 

20 

- 

Yellow  Perch 

- 

8 

5 

- 

White  Perch 

- 

39 

- 

- 

Rock  Bass 

- 

7 

16 

- 

Smallmouth  Bass 

- 

- 

15 

- 

Ee! 

- 

- 

- 

Coho  Salmon 

.* 

- 

- 

142 

*  -  mean  concentrations  based  on  a  minimum  of  9  fish  per  sampling 
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TABLE  4.24 


Contaminants  in  Fish  Data  Summary  (1984) 

LocatioD:  (Lower)  Niagara  River     (Queenston-Whiripool)     Regional  Municipality  of  Niagara 

Species  of  Ftsh: 

Lake  Trout 

Rainbow 
Trout 

Coho 
SatmoD 

Brown  Trout 

Freshwater 
Drum 

Sample  Size: 

19 

6 

3 

2 

1 

Length  (an) 

Meao 
Mia 
Max 

62.8 
35.0 
69.9 

52.2 
29.2 
75.4 

47J 
41J 

53J 

39.2 
36.3 
42.0 

40.5 

Weight  (£ni) 

Mean 
Min 
Mu 

2351 
1500 
3300 

2276 
352 
4175 

1415 
909 
1762 

1155 
694 
1615 

900 

Hg(ppm) 

Mean 
Min 
Max 

037 
0.28 
0.47 

0.19 
0.04 
DJO 

0.07 
0.06 
0.08 

0.06 
0.05 
0.06 

0.49 

PCBippb) 

Mean 
Min 
Mu 

3284 
1710 
3320 

1362 
187 
3610 

297 
261 
367 

1305 
1120 
1490 

2190 

Mirex  (ppb) 

Mean 
Min 
Mu 

2«9 
ND 
490 

154 
10 
385 

8 
ND 

14 

59 
54 
64 

91 

Cu(ppm) 

Mean 
Min 
Mu 

0^4 

0.28 

1 

0.47 
OJl 
0.78 

0J4 
0.20 
0.61 

0.49 
0.48 
0.49 

0.29 

Ni(ppni) 

Meao 
Min 
Max 

<0.42 
<036 
0.62 

<0J9 
<0J8 
<0.4i 

<0J8 
<0.40 
0.92 

<0J9 
<0.38 
<0.39 

<0.39 

Zn  (ppm) 

Mean 
Min 
Mu 

3.2 
22 
4.8 

4.4 
3.2 
7.8 

4.7 
4 
5.7 

5 
4J 

5.7 

6.3 

Pb(ppni) 

Mean 

Min 

Mu 

0.59 
0.53 
0.66 

<QS9 
<0.59 
<0.61 

<0.6l 
<0.60 
<0.61 

<0J9 
<0.58 
<0.59 

<0J9 

Gd(ppm) 

Mean 
Min 
Mu 

<0.039 
<0.035 
<0.044 

<0.039 
<0.038 
<0.040 

<0.040 
<0.040 
<0.040 

<0.039 
<0.O38 
<0.039 

<0.039 

Mn(niin) 

Mean 

Min 

Mu 

<0J9 

<ffl.35 
0,44 

<0J9 
<038 
<0.41 

<0.41 
<0.40 
<0.41 

<0.39 
<0.38 
<0.39 

<0.39 
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centrations  in  rainbow  trout  throughout  Lake  Ontario, 
concentrations  are  higher  in  locations  nearer  to  the 
Niagara  River. 


The  mirex  in  the  Niagara  River  is  chiefly  from 
U.S.  sources  and  has  been  found  to  have  an  impact  on 
sport  fish  from  all  parts  of  Lake  Ontario  from  Hamilton 
Harbour  in  the  west  to  the  Bay  of  Quinte  in  the  east  and 
includes  such  species  as  lake  trout,  rainbow  trout, 
Chinook  salmon,  white  perch  and  walleye. 


In  the  five  sport  fish  species  listed  above,  and  in 
other  species  not  listed  here,  mirex  is  found  at  detect- 
able and  quantifiable  levels.  Mirex  is  not  a  detectable 
contaminant  in  fish  from  any  other  of  the  Canadian 
Great  Lakes  or  from  inland  waters  in  Ontario. 


PCB  levels  were  higher  in  the  lower  Niagara 
River  species;  however,  only  one  white  sucker  and 
one  rainbow  trout  sample  were  above  the  2,000  ppb 
guideline.  Significant  PCB  levels  were  detected  in 
lake  trout  and  rainbow  trout  which  were  temporarily 
resident  in  the  Niagara  River  in  the  1982-1986  period. 
The  lake  irout  exhibited  considerably  more  PCB  con- 
tamination than  the  rainbow  iroui.  Lake  Trout  are  sub- 
ject to  a  consumption  advisory  because  of  PCB  levels 
in  the  fish  flesh. 


Other  organic  contaminants  were  occasionally 
detected  in  the  lower  Niagara  yellow  perch,  white 
sucker  and  rainbow  trout,  and  were  more  elevated  in 
the  lake  trout  samples,  but  not  at  levels  of  concern. 


Analysis  of  upper  and  lower  Niagara  River  sport 
fish  for  arsenic  and  selenium  did  not  indicate  any 
elevated  levels. 


Although  a  number  of  contaminants  are  delected 
in  fish  flesh,  the  only  organochlorine  contaminants 
which  result  in  sport  fish  consumption  advisories  for 
the  lower  Niagara  River  (Table  4.24),  are  mirex  and 
PCBs. 


Even  though  this  Remedial  Action  Plan  is  re- 
stricted to  identifying  and  providing  remedial  alterna- 
tives for  Canadian  sources  of  contamination,  the  ef- 
fect of  contaminants  originating  on  either  side  on 
migrating  fish  is  a  concern  felt  equally  on  both  sides  of 
the  river. 


Fish  consumption  advisories,  particularly  for 
mirex  and  PCBs,  are  based  on  the  concept  of  "tolerable 
daily  intake".  The  ideal  intake  of  persistent  toxic 
chemicals  such  as  these,  is  zero,  since  they  have  no 
useful  purpose  in  the  human  body. 


4.4.2.3  Fish  Pathology 


Greater  than  anticipated  incidences  of  lesions 
and  neoplasia  in  several  species  of  fish  in  the  Niagara 
River  drainage  system  have  been  documented". 
Among  the  causes  known  to  produce  these  phenom- 
ena are  chemical  contaminants,  particularly  PAHs. 
Researchers  have  been  successful  in  producing  der- 
mal neoplasia  on  brown  bullheads  with  periodic  paint- 
ing of  extracts  of  PAH-con laminated  sediments  from 
the  Buffalo  Rivei*'. 


Researchers  from  Brock  University  have  stud- 
ied™ gonadal  neoplasms  in  wild  carp-goldfish  hybrids 
from  the  Welland  River.  Higher  incidences  of  tumors 
in  carp-goldfish  hybrids  and  lower  species  richness 
occur  in  the  lower  Welland  River  compared  to  the 
upper  Welland  River.  This  has  been  correlated  to 
deteriorated  water  quality  in  the  lower  Welland 
River". 


In  addition.  80%  of  the  mature  hybrids  in  the 
portion  of  the  Welland  River  with  the  worst  water 
quality  Oower  portion)  had  neoplasms™.  No  neo- 
plasms were  found  in  juvenile  fish. 


Recent  investigations  into  mutageneticity  of  this 
hybrid  have  shown  that  the  neoplasms  are  genetically 
related  rather  than  associated  with  contaminant  ef- 
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feels.  The  variations  in  percent  occurrence  of  neo- 
plasms is  now  thought  to  be  hnked  with  the  abundance 
of  this  hybrid  and  the  difficulty  in  differentiating  carp 
from  carp-goldfish  cross  rather  than  conditions  in 
various  reaches  of  the  Welland  River.  The  non- 
incidence  of  carcinomas  in  juvenile  carp-goldfish  ap- 
pears to  be  related  to  age.  As  the  hybrid  ages,  the 
neoplasms  start  to  increase. 


Other  biological  manifestations  seen  in  areas  of 
high  contaminant  levels  but  not  found  in  the  Niagara 
River  (Ontario)  area  of  concern,  include  high 
incidences  of  liver  and  gonadal  neoplasms,  lip 
papillomas,  spinal  curvatures,  reduced  fecundity  and 
condition,  and  reduced  egg  survival  and  hatchability. 
The  exact  cause  of  these  symptoms  is  unknown  in 
most  cases. 


4.4.3  Biota  -  Benthos 


Benthic  invertebrates  have  been  recognized  for 
their  value  as  indicators  of  environmental  quality  due 
to  their  abundance,  low  mobihty  and  habitat  prefer- 
ence. They  usually  remain  in  a  localized  area  for  their 
entire  life-cycle,  which  may  vary  from  six  months  to 
two  years,  and  thereby  indicate  past  as  well  as  present 
environmental  conditions. 


In  a  study  conducted  in  1983  to  assess  the  rela- 
tive abundance  and  distribution  of  benthic  inverte- 
brates in  the  Niagara  River,  a  variety  of  benthic  inver- 
tebrate community  types  were  observed^.  The  distri- 
bution of  community  types  was  largely  governed  by 
the  physical  environment  (i.e.  depth,  current  speed, 
bottom  subsffate  composition  and  the  presence  of 
aquatic  plants). 


In  1983,  some  local  areas  along  the  Niagara 
River  shoreline  in  the  Buffalo  area  exhibited  a  slower 
water  velocity  and  numbers  of  mvertebrates  tradition- 
ally regarded  as  "pollution  sensitive"  were  identi- 


fied'^. The  sediments  deposited  there  were  severely 
contaminated  and  appeared  to  have  resulted  in  some 
impainnent  of  these  invertebrate  communities. 


In  the  Chippawa  Channel,  benthic  communities 
were  healthy  in  spile  of  fairly  high  levels  of  arsenic 
and  cadmium  in  the  sediments.  In  the  lower  river  and 
adjacent  parts  of  Lake  Ontario,  a  small  number  of  sites 
had  communities  which  were  apparently  impaired  by 
contamination. 


Benthic  invertebrate  communities  appeared  to 
be  somewhat  healthier  in  1983  in  the  Tonawanda 
Channel  and  the  lower  river  compared  to  a  previous 
survey  carried  out  in  1968  by  the  Ministry  of  the 
Environment's  predecessor,  the  Ontario  Water  Re- 
sources Commission"".  Some  of  this  difference  may 
be  due  to  changes  in  sampling  methodology  and  inter- 
pretation techniques. 


A  study  in  the  early  1980's  regarding  contami- 
nant levels  in  benthic  invertebrates  in  Lake  Ontario 
(western  basin)  and  Lake  Erie  (eastern  basin)  was 
conducted  to  determine  differences  based  on  Niagara 
River  contaminant  inputs''*.  Significantly  higher  lev- 
els of  organic  contaminants  were  found  in  Pontoporeia 
flfOnis.  an  amphipod,  in  samples  collected  at  the  mouih 
of  the  Niagara  River  compared  to  those  collected  in 
Lake  Erie  (Table  4.25) 


NOTE:  For  PCBs,  DDE.  dieidrin,  heptachlor 
epoxide,  oxychiordane,  mirex  alpha -chlordane  and 
hexachlorobenzene,  the  data  reported  in  Whittle  and 
Fitzsimmons  (1983)  has  been  checked  and  monitored 
annually  for  QA/CK^  and  is  fully  acceptable. 


For  phoiomirex,  tri-,  tetra-  and  penta- 
chlorobenzenes.  alpha-  and  beta  hexachloro- 
cyclohexane  (BHC)  and  Iran s-nonach lor,  the  data  re- 
ported is  fully  acceptable  although  it  has  not  been 
checked  and  monitored  annually  for  QA/QC. 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4  -  36) 


TABLE  4.25 


PCB  and  Organochlorine  Concentrations  in  Pontoporeia  affinis 

Lake  Erie 

(Eastern  Basin) 

Lake  Ontario 
(Western  Basin) 

Number  of 
Samples 

5 

5 

Percent  Lipid 

20.3 

(0.3) 

24.1 

(1.4) 

Mean  Contaminant  Concentrations  (ng/g  dry  weight)  and  Standard  Error  ( ) 

p.p'-DDE 

58 

(18) 

292 

(17) 

total  DDT 

110 

(31) 

440 

(43) 

total  PCBs 

560 

(40) 

1378 

(100) 

Dieldrin 

62 

(23) 

226 

(21) 

Chlordane 

35 

(15) 

64 

(14) 

Mirex 

ND 

228 

(4) 

LEGEND:              ND  -not  delected 

( )  -  standard  error  of  the  mean 

For  DDD  and  DDT.  results  should  be  inter- 
preted with  caution. 

Mirex  was  detected  in  samples  from  the  Lake 
Ontario  site  (mean  228  ng/g.  dry  weight)  while  all 
Lake  Erie  samples  were  below  the  10  ng/g  detection 
limit.  All  other  organic  contaminants  measured  were 
significantly  greater  in  the  Lake  Ontario  samples. 


Ponloporeia  also  had  significantly  higher  mean 
concentrations  of  mercury,  arsenic,  copper  and  zinc 
(Table  4.26)".  The  results  of  this  study  confirmed  that 
the  Niagara  River,  as  the  single  largest  tributary  to 
Lake  Ontario,  is  a  major  source  of  organic  contami- 
nants and  trace  metals. 


4.4.4  Biota  -  Mussels 


Freshwater  mussels  (Elliotio  comnlantaV  ob- 
tained from  a  clean  location  with  low  background 
concentrations,  have  been  shown  to  accumulate  trace 
contaminants  following  exposure  to  a  known  source 
area'*".  Since  mussels  are  filter  feeders,  the  accumu- 
lation of  contaminants  is  from  food,  from  solution  and 
from  the  ingestion  of  inorganic  paniculate  material. 
The  ability  of  mussels  to  respond  to  these  three  routes 
of  contaminant  uptake  provides  additional  informa- 
tion on  environmental  conditions  and  sources  in  a 
given  area. 
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TABLE  4.26 


Inorganic  Contaminant  Mean  Concentrations  in  Pontoporeia  affinis 

Lake  Erie 
(Eastern  Basin) 

Lake  Ontario 
(Western  Basin) 

Number  of 
Samples 

5 

4 

Contaminant  Concentrations  (ug/g  dry  weight)  and  Standard  Error  ( ) 

Mercury 

0.09 

(0.00)* 

0.40 

(0.05) 

Arsenic 

3.10 

(0.10)* 

7.43 

(0.24) 

Copper 

85.60 

(0.40)* 

98.50 

(2.08) 

Zinc 

60.0 

(1.00)* 

89.75 

(1-89) 

Lead 

2.90 

(0.40) 

4.50 

(0.75) 

LEGEND:                (  )  -  standard  error  of  the  mean 

*-  significant  difference  at  p<0.05 

Environment  Ontario  has  been  conducting 
biomonitoring  studies  using  introduced  (caged)  mus- 
sels in  the  Niagara  River  since  1980.  Results  from 
these  studies  have  shown  that,  except  for  BHCs  de- 
tect in  the  Chippawa  Channel,  most  areas  of  con- 
taminant sources  in  the  river  are  located  along  the 
mainland  shore  in  the  upper  river  on  the  American  side. 
The  table,  "Areas  of  Elevated  Contaminants",  shows 
levels  above  background  Lake  Erie  levels. 


The  locations  of  elevated  levels  of  contaminants 
in  mussels  agreed  with  known  sources  in  the  river  and 
also  correlated  with  the  spatial  differences  observed  in 
indigenous  biota  fCladoohora.  and  young-of-lhe-year 
fish). 


The  data  collected  in  1981  and  1983  (Table  4.27) 
show  considerable  wiihin-year  variability  in  contami- 
nant concentrations  and  when  compared  to  1987  re- 
sults, no  clear  long-term  trend  was  evidenu  Mean  con- 
centrations of  some  contaminants  however,  were  much 
higher  than  in  previous  years  (e.g.  mirex  at  OCC  Sewer 
003;  1,2,3,4-tetrachlorobenzcne  and  penta- 
chlorobenzene  at  Pettii  Flume,  Love  Canal  &  OCC 
Sewer  003,  hexachiorobenzene  at  Peitit  Flume, 
octachlorostyrcne  at  Gill  Creek).  PCB  and 
hexachiorobenzene  levels  were  lower  in  1987  at  the 
Niagara-on-the-Lake  station  than  in  1980-83. 
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Areas  of  Elevated 

Contaminants 

Buffalo  River  mouth 

Bloody  Run  Creek 

(Hyde  Park) 

PCB« 

PCBi 

Chtordancj 

bexachlorobeazene 

GUI  Creek  mouth 

Wheatfield 

PCBi 

PCBi 

bezAchlorDbenzeoe 

aUordaoes 

ocuchJ  o  ro  ity  rcne 

hepuchlor  epoxide 

he  xach  lorobu  udjene 

bcxschlorobenzcac 

Pettit  Flume 

S&NArea 

Occidental  sewer  003 

PCBi 

PCBi 

BHa 

miicx 

QilonUoes 

baacfalorobatulieiie 

hexacbloiobenzeite 

1  J^-tctrmcfalorobcazeiK 

1.2J.4~letrtcfalorobeii2ene 

penUcfaloToboizeoe 

penucfaJorobcszene 

Niagara  Falls,  New  York                                   | 

PCBi 

dieldrin 

BHCi 

endiin 

QilonUoei 

aneoic 

bepucfalor  qxixide 

copper 

bexachloiDbeo2Ene 

zinc 

Dioxin  and  furan  levels  were  moniiored  at  se- 
lected sites  in  the  Niagara  River  in  1985  and  1987  by 
Environment  Ontario.  The  Pettit  Flume  site  in 
Tonawanda,  (N.Y.)  was  found  to  be  an  active  source  of 
dioxins  (including  the  most  toxic  form.  2,3,7,8-TCDD) 
and  furans.  Maximum  1985  levels  of  2,3.7,8-TCDD 
were  3.6  ng/g  in  sediment  and  0.02  ng/g  in  caged 
mussels.  In  1987,  samples  taken  at  the  same  site 
reached  9  ng/g  in  sediment  and  0.2  ng/g  in  the  mussels. 
In  1989,  measured  sediment  concentrations  of  23,7,8- 
TCDD  at  the  Pettit  Flume  decreased  to  between  0.52  to 
1.10  ng/g.  This  variation  in  undisturbed  sediments 
likely  indicated  localized  variability  in  sediment  con- 
centrations. These  concentrations  are  still  high  and  the 
findings  indicate  that  the  source  is  continuing  to  release 
dioxin  to  the  Niagara  River  and  that  2,3,7,8-TCDD  is 
still  available  for  uptake  by  the  Niagara  River  biota. 


4.4.5  Biota  -  Avian  Wildlife 


The  status  of  the  avian  populations  of  the  area  is 
unknown.  The  general  opinion  of  long-term  bird  watch- 
ers indicates  that  the  number  of  birds  is  declining.  The 
actual  cause  for  this  perceived  decline  is  hard  to  deter- 
mine but  is  suspected  to  be  the  culmination  of  many 
factors  including  toxic  contaminants,  loss  of  habitat, 
and  physical  disturbances.  Birds  tend  to  be  sensitive 
indicators  of  environmental  toxicant  problems  due  to 
their  small  liver  size,  rapid  food  uptake,  and  high  body 
temperature'*.  Many  birds  ultimately  depend  on  aquatic 
food  chains,  whether  they  eat  fish  directly,  aquauc 
vegetation,  or  insects  that  emerge.  Water  quality  ob- 
jectives for  the  protection  of  fish-eaiing  birds  are  ex- 
ceeded in  the  cases  of  PCBs  and  organochlorine  pesti- 
cides in  some  locations  along  the  river. 

Monitoring  of  spatial  and  temporal  trends  in 
wildlife  in  the  Great  Lakes  basin  bas  been  underway 
by  the  Canadian  Wildlife  Service  since  1974.  The 
Niagara  River  programme  has  been  centred  on  con- 
taminant levels  in  Hening  Gull  and  Black-crowned 
Night-Heron  eggs.  Contaminant  levels  in  indigenous 
and  introduced  biota  in  the  Niagara  River  also  have 
provided  a  good  indication  of  sources  and 
bioavailability  in  the  Niagara  River. 

Herring  gull  eggs  have  been  collected  almost 
yearly  by  the  Canadian  Wildlife  Service  (CWS)  for 
contaminant  analysis  from  an  island  just  above  the 
falls.  In  Apffil  1989,  37  nests  were  counted.  Black- 
crowned  night-heron  (BCNH)  eggs  are  also  periodi- 
cally collected  from  the  island.  In  April  1989,  153 
BCNH  nests  were  counted  on  this  island  and  43  nests 
were  counted  on  two  smaller  islands  upsu-eam.  The 
location  of  these  islands  [^events  revisiting  of  the 
colonies  to  determine  hatch  success  and  rale  of  de- 
formibes;  the  disuirbance  would  cause  the  chicks  to 
retreat  to  the  water  and  be  swept  over  the  falls.  The 
results  (Table  4.28)  from  these  collections  and  some 
done  in  1971  on  Lake  Erie  suggest  a  reduction  in 
organochlorine  contaminant  levels  between  1971  and 
1986  in  Herring  Gulls.  Fish-eating  birds  have  gener- 
ally been  found  to  accumulate  higher  residue  levels 
than  carnivores  feeding  on  terrestrial  mammals  or 
birds". 
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TABLE  4.27 

Contaminant  Concentrations  in  Mussels  Exposed  in  Niagara  River 

Station 

Year 

Total 
PCB 

BHC 

Mlrex    jj^g 

1A3,4.CB 

QCB 

HCB 

ocs 

%  Lipid 

Lake  Ene  • 

19S0 

7+/-1 

*          NA 

NA 

NA 

Tr. 

NA 

1J+/A2 

Thunder  Biy 

1981 

Tr. 

Tr, 

•            NA 

NA 

NA 

ly. 

• 

0.9+/-0.2 

1983 

• 

U/.3 

•               • 

« 

• 

• 

• 

NA 

1987 

• 

• 

ft               * 

• 

• 

* 

* 

1.0+/-0.3 

Chippawa  Cb.  - 

1980 

23+7-4 

7+/.1 

*            NA 

NA 

NA 

ND 

NA 

1.3+A0.4 

Cbippawa 

1981 

• 

11+/-3 

*            NA 

NA 

NA 

2+/-3 

• 

NA 

1983 

* 

Tt. 

2*/-* 

• 

• 

• 

• 

NA 

rcnuwanda  Cb. 

19110 

NA 

NA 

A           NA 

NA 

NA 

Ua 

NA 

NA 

PcUl  Flume 

1981 

58+/-21 

IU/-2 

•            NA 

NA 

NA 

14+S 

• 

NA 

1985 

• 

• 

'           J+/-4 

• 

• 

3+4 

« 

0.9+A0.2 

1987 

3S+/-25 

4+/.5 

►          10+A3 

246+AK) 

171+/-242 

558+A85 

2+Al 

1.1+/-0.3 

ronawandi  Cfa. 

198 1 

212+/-49 

1+/-0 

NA 

NA 

NA 

3+A2 

« 

1.0+/-0.3 

■  Love  Cannel 

1983 

107+/- 74 

2+A3 

t              • 

80t/-60 

4+Al 

5+A2 

• 

NA 

47+/.  8 

* 

• 

• 

Tr. 

2+AO 

5+Al 

1.4+AO-l 

• 

■ 

• 

* 

Tr. 

• 

• 

• 

3+/-5 

1+A2 

* 

23+A39 

19+A34 

2+A2 

NA 

• 

* 

* 

• 

* 

3+Al 

• 

NA 

1987 

110*^8 

4+3 

1+1 

291+206 

343+211 

5B*S 

2+1 

1.5+0.4 

Tonawanda  Cb. 

1980 

78+/.8 

14+/-3 

NA 

NA 

NA 

4+1 

NA 

1.5+0.3 

Nla.FaUs,  NY 

1981 

16U/-37 

8+/-2 

8+/ 

2           NA 

NA 

NA 

3+1 

• 

NA 

1983  :  152*1-209 

1+/-2 

4+/.4 

• 

11+/-6 

5+AI 

• 

1.4+/-0.1 

Tonawanda  Cb. 

1983 

• 

Tr. 

3+/ 

-4      20+A21 

30+A51 

36+A13 

I2+M0 

7+All 

NA 

5  &  N  Site 

183+A158 

* 

8+ 

■7        2+Al 

* 

41+/.28 

72+A61 

4+/-3 

a9+/-0.2 

(outfall  003) 

73+/- 127 

• 

35+AB 

• 

12+A21 

110+/-119 

2+A2 

NA 

224+/-83 

• 

64+A34 

# 

124+A33 

280+At03 

• 

NA 

• 

• 

5+/-4 

• 

U+Al 

2+A2 

* 

NA 

1987 

322+/-102 

2+/-3 

167 

^■^     3+/-2 

162+/-207 

2O4+A260 

20fA6 

4+/.4 

1.4+AO.l 

Tonawanda  Cb. 

1981 

722+/- 164 

12+/-3 

Tr. 

NA 

NA 

NA 

10+A8 

3+Al 

a9+/.o.2 

GUI  Creek 

1983 

8ZS+/-454 

■ 

i3+/'48 

Tr. 

5+A9 

n+/-12 

• 

NA 

11 92+/- 367 

3+/-1 

ND 

Tr. 

2+A3 

12+A2 

• 

1.0+AO.l 

1974+/-1736 

1+/-5 

.3+/-45 

• 

24+A17 

15+A18 

• 

NA 

2684/.130 

I+A3 

I04.A« 

• 

Tr. 

4+A2 

• 

NA 

Tr. 

2+/-4 

• 

• 

129+/-2M 

5+A2 

■ 

NA 

1987 

935+/-133 

7+/.5 

77+A38 

6+A9 

11+A13 

44+/.16      1 

2+/-51 

1.1+/-0.2 

Low.  Niagara  R 

1983 

* 

• 

6+AI 

• 

40+A5 

35+/-5 

NA 

Bloody  Run  Cr 

122+/- 102 

I+/-1 

4+/ 

3           • 

]8+At2 

38+A22 

49+A32 

* 

1.2+AO.I 

(Hyde  Park) 

117+A202 

ND 

18+AlS 

84+A72 

I38+A30 

196+/- 182 

• 

NA 

86+/.76 

1+Al 

52+A7 

• 

138+A21 

98+A13 

• 

NA 

• 

10+AM 

ND 

■ 

276+/- 17 

171+A13 

• 

NA 

1987 

* 

9*/-* 

19+A23 

♦tA5 

32+A26 

51+A19 

1+Al 

1.O+A0.2 

Low.  Niagara  R 

19S0 

94+/- 11 

2+A3 

NA 

NA 

NA 

Tr. 

NA 

0.B+A0.4 

Nlagara-on- 
Lhe-Lake 

1981 

48+/- 14 
73+/-20 

11+/-2 
S+Al 

Tr 

NA 

• 

NA 

NA 

• 

3+M 
1+/.0J 

3+/.3 
Tr. 

NA 
NA 

n5+/-38 

fr*Al 

• 

* 

2+/-! 

1+/-0.4 

NA 

7*+/.28 

3+A2 

• 

• 

3+/.2 

Tr. 

NA 

69+/-7 

5+Al 

• 

■ 

1+/-1 

• 

NA 

1983 

• 

Tr. 

« 

7+A3 

3+A2 

• 

NA 

1987 

• 

• 

• 

• 

• 

• 

1.1+/-0.2 

Method  Detection  Lim  | 

20 

3 

5 

1 

1 

1 

1 

1 

Nolc:      1)  NA=  Not  Available           2 

)'=noi 

deie 

cied  ai  MDL 
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TABLE  4.28 


Contaminant  Concentrations  in  Herring  Gull  and  Black-Crowned 
Night  Heron  Eggs  from  the  Niagara  Peninsula 

Species 

Year 

Total 
Mean 

Total 
DDT* 

TotRl 
Mean 

Total 
PCBs* 

Number  of 
Samples 

Heiring  Gull 

1971 

10.4 

(14.5) 

74 

(87) 

21 

1979 

4.2 

1.334 

50.5 

22.51 

10 

1982 

3.73 

1.143 

45.5 

„ 

II/I 

1986 

2.73 

1.106 

22.55 

10.52 

10 

Black-cFowned 
Night  Heron 

1971 

7.82 

(24.1) 

27 

(70) 

13 

1971a 

(2-6) 

(27) 

10 

1971b 

(6.3) 

(18) 

3 

1982 

5 

— 

18.9 

— 

1 

1986 

3.44 

~ 

33.4 

— 

1 

LEGEND:              ♦  -  refers  to  sum  of  DDT  and  metabolites  (DDE  and  DDD) 
SD  -  standard  deviation  (numbers  in  brackets  are  ranges) 

NOTE:                  Eggs  taken  in  1 97 1  were  by  independent  researchers  from  the  north  shore  of  Lake 
Erie. 

Eggs  taken  after  1971  were  by  Canadian  Wildlife  Service  from  colonies  on  the 
Niagara  River  above  the  falls. 

Analyses  of  Niagara  River  Black-crowned  Night- 
Heron  eggs  from  the  Canadian  Wildlife  Services's 
1982  collection^  indicated  elevated  levels  of  dieidrin. 
mirex,  beta-HCH  and  the  four  chlorobenzenes  over  the 
eggs  from  colonies  in  Lakes  Eric  and  Huron. 


The  Niagara  River  was  ranked  the  lowest  in 
terms  of  quality  when  compared  to  the  other  4  sites 
monitored  (in  Lakes  Erie,  Huron,  and  Ontario).  An 
increase  in  flans- nonachlor  and  PCB  levels  in  eggs 
from  1982  to  1986  appears  to  be  indicated  by  the  data 
collected. 


The  Canadian  Wildlife  service  has  monitored 
dioxin  levels  in  the  eggs  of  herring  gulls  from  sites  in 
the  Niagara  River  since  1981.  Dioxin  and  dibenzofuran 
results  are  presented  in  Table  4.29.  Levels  in  1986 
appear  to  have  declined  somewhat  since  the  initial 
sampling  studies,  although  there  is  no  indication  of  a 
significant  downward  trend. 


Organochlorines  (PCBs,  dieidrin,  and  DDE)  were 
implicated  as  the  cause  of  death  of  ring-billed  gulls  in 
1969  and  1973.  Levels  of  organochlorine  in  the  brain 
were  significantly  higher  in  birds  found  dead  compared 
to  those  collected  by  gun-shot".  Recent  colonial  bird 
contaminant  work  deals  exclusively  with  egg  levels; 
tissue  concenu^tions  in  most  bird  species  is  unknown. 
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TABLE  4.29 


Concentrations  of  selected  chlorinated  dioxins  and  dibenzofurans  in 
herring  gull  eggs  from  sites  in  Lake  Ontario  and  the  Niagara  River 
1981-1986.  (Single  pools  of  10  eggs  per  site  per  year). 

Dibenzodioxins  (ppt) 

Dibenzofurans  (ppt) 

Location 

Year 

23,7,8-TCDD 

Other* 

2^,7,8-TCDF 

Other** 

Niagara  River 

1981 

87 

39 

- 

- 

1982 

69 

29 

- 

- 

1983 

19 

24 

- 

- 

1984 

41 

35 

2 

40 

1985 

41 

28 

<2 

19 

1986 

40 

25 

2 

38 

Lake  Ontario 

Snake  Island 

1981 

185 

33 

- 

- 

1982 

129 

39 

- 

- 

1983 

90 

51 

- 

- 

1984 

101 

54 

<2 

24 

1985 

67 

22 

<2 

<14 

1986 

65 

26 

<2 

<14 

Muggs  Island 

1984 

60 

44 

2 

28 

1985 

39 

22 

<2 

<10 

1986 

49 

23 

<2 

<12 

Scotch  Bonnet  Island 

1981 

50 

36 

<2 

33 

1982 

42 

25 

<2 

<12 

Hamilton  Harbour 

1984 

1986 

Source:    Canadian  Wildlife  Service,  Ottawa.  Ontario. 

*  Includes                             1,23.7 .8-penta  1.2.3.6,7 ,8-hexa  and  octa-chlorodibenzo-p-dioxins. 

No  heptachlorodioxins  were  found. 

1.2,4,7.8-penta.  2, 3, 4, 7. 8-penta.  U.3.4,7,8-hexa.  and 
**  Includes                         1.23,6,7,8-hexachlorodibenzofurans. 

No  hepta  or  octachlorodibenzofurans  were  found. 
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Some  studies  have  been  completed  on  PCB  and 
DDE  concentrations  in  waterfowl  by  the  New  York 
State  Department  of  Environmental  Conservation", 
the  results  of  which  are  summarized  in  Table  4.30 


Studies  by  NYDEC  (1984-85)  on  one  waterfowl 
species  -  goldeneye  fBuccohala  anguia).  that 
overwinter  on  the  Niagara  River,  involved  the  meas- 
urement of  the  relative  uptake  of  an  array  of  chemicals 


TABLE  4.30 


during  their  period  of  residence  on  the  river.  Goldeneye 
are  migrants  from  northern  Canada,  thus  were  ex- 
pected to  contain  low  levels  of  chemicals  prior  to 
migration  to  the  Niagara  River  system.  Results  indi- 
cated that  although  these  ducks  arrived  with  elevated 
levels  of  contaminants,  significant  accumulations  of 
several  conuminants  (PCBs.  Dieldrin,  HCB. 
Heptachlor  epoxide)  occurred  during  theu-  residence  in 
the  area  (Table  4.31).  DDT  concentrations  remained 
stable  but  the  rate  of  occurrence  increased  by  a  factor  of 


PCB  and  DDE  Concentrations  in  Waterfowl 

from  the  Niagara  Frontier  and  Eastern  Lake  Ontario 

and  Eastern  Lake  Ontario/St  Lawrence  Flyways 

Concentration  in  ng/g  of  tissue* 
Niagara  Frontier 

Waterfowl  Species 

Compounds 

Fat 

Muscle 

Mallard 

PCB 

1.2+/-1.1 

0.O7+/-O.O4 

DDE 

1^8+/-  1.70 

0.03+/-O.02 

Bufflehead 

PCB 

6.73+/- 11.33 

0.10+/-0.14 

DDE 

0.82+/- 1. 16 

<0.01 

Scaup 

PCB 

1.0+/- 0.8 

0.1  +/-0.2 

DDE 

0.3  +/-  0.34 

0.01+/-0.01 

Black  Duck 

PCB 

0.6  +/-  0.2 

<0.01 

DDE 

0.67+/-  0.75 

0.01+/-0.01 

Canada  Goose 

PCB 

0.01+/- 0.04 

<0.01 

DDE 

0.04+/-  0.02 

0.03+/-0.OO5 

Wood  Duck 

PCB 

020+/- 0.1 

<0.1 

DDE 

0.13+/- 0.08 

<0.1 

Common  Goldeneye 

PCB 

31.6+/-23.7 

NA 

DDE 

5.57+/-  7.84 

NA 

*  -  Anthmctic  Mean  +/-  standard  deviation 

NA  -  Not  Analyzed 

Source:  New  York  State  1983 
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six  between  December  1984  and  February/March  1985. 
Goldeneye  feed  primarily  on  crustaceans  and  gastro- 
pods and  constitute  a  link  between  contaminants  that 
occur  in  prey  species  residing  in  sediments  and  water 
and  uptake  by  wildlife. 

Tissue  contaminant  level  in  waterfowl  were  de- 
termined tor  goldeneye  collected  just  below  Grand 
Island  upon  arrival  for  the  winter  in  1984  and  jusi 
before  migration  to  breeding  grounds  in  the  spring**. 
Mean  organochlorine  levels  in  the  duck  fat  increased 
at  least  1.5  times  during  their  slay  on  the  river;  how- 
ever, the  fat  content  of  the  ducks  was  not  determined. 
Comparison  of  contaminant  levels  in  hatching-year 
and  adult  male  ducks  indicate  a  significant  body  bur- 
den of  contaminants  already  in  adult  birds  upon  arrival 
on  the  river. 


Ten  oldsquaw  ducks  were  collected  from  the 
river  near  Niagara-On-The-Lake  in  1980  for  contami- 
nant analysis.  Unpublished  results""'  indicate  very 
high  levels  of  PCBs  in  the  breast  muscle  (>1  ppm  total 
PCBs  wet  weight)  and  males  contain  higher  levels 
than  females.  The  low  numbers  of  ducks  sampled  at 
the  same  stage  of  maturity  and  sex  limits  the  statistical 
confidence  of  the  results.  These  results  cannot  be 
directly  compared  with  those  found  in  the  goldeneye 
as  different  tissue  was  measured. 

Mallards  were  collected  In  1988  around  the 
Welland  River  for  contaminant  analysis  but  results 
have  not  yet  been  released. 

The  levels  of  organochlorines  and  PCBs  in  wa- 
terfowl of  the  Niagara  River  need  further  investigation 
and  may  warrant  the  need  for  consumption  advisories. 
CWS  is  currently  investigating  the  possibility  of  con- 
sumption advisories  for  waterfowl  harvested  from  spe- 
cific sites  in  Canada,  In  1990/91,  an  intensive  survey 
was  conducted  in  Ontario;  samples  were  collected  from 
Niagara  AOC.  Breast  muscle  was  analyzed  for 
organochlorines,  metals  and  selected  samples  were 
analyzed  for  dioxins/furans.  The  residue  data  are  now 
undergoing  assessment  by  Health  and  Welfare  Canada. 
Guidelines  do  exist  in  New  York  State  and  the  State  of 
Wisconsin.  Twenty-six  percent  of  duck  hunters  in  the 
Niagara  District  hunt  exclusively  on  the  river"". 


Work  on  contaminants  in  birds  of  the  Niagara 
River  is  very  limited  and  restricted  to  levels.  Back- 
ground levels  of  contaminants  need  to  be  determined 
in  relatively  "clean'"  areas  and  compared  with  the  lev- 
els found  in  the  area  of  concern.  There  is  a  definite 
need  for  studies  which  determine  the  relationship 
between  tissue  burden  level  and  chronic  effects  on  the 
populations.  Possible  sub-lethal  effects  can  be  cat- 
egorized into  physiological,  behaviourial.  and  genetic 
and  morphological  responses"^. 


Egg  shell  thinning  and  embryonic  mortality, 
due  to  levels  of  DDT  and  its  metabolites,  were  respon- 
sible for  the  decline  of  several  North  American  avian 
species  in  the  past  including  peregrine  falcons,  bald 
eagles,  and  osprey.  Recent  work  indicates  that  Bald 
Eagles  living  near  the  Great  Lakes  have  lower  breed- 
ing success  and  survival  than  those  farther  away"'\ 
Bald  eagles  are  opportunist  feeders,  with  fish  compri.s- 
ing  a  large  portion  of  the  diet.  Organochlorines  have 
also  been  implicated  in  mortality  leading  to  the  de- 
cline in  Great  Horned  Owls  near  the  Hudson  River  and 
Lake  Ontario"". 


Current  research  indicates  contaminant  burden 
reproductive  failure  is  due  not  only  to  egg  shell  thin- 
ning but  also  abnormal  incubation  behaviour,  abnor- 
mal thyroids'*",  deformities,  decreased  weight  at  birth"" 
and  changes  in  sperm  characteristics'"'.  Studies  done 
that  involved  feeding  an  organochlorine  mixture  to 
ringdoves"*  indicated  changes  in  breeding  behaviour 
and  fledgling  success.  These  effects  could  alter  repro- 
ductive success  in  the  wild. 


4.4.6  Biota  -  Mammalian  Wildlife 


Monitoring  of  contaminant  levels  in  mammals 
has  been  very  limited  in  the  past.  Some  work""  indi- 
cates that  organochlorines  and  PCB  levels  in  mink  in 
the  Lake  Erie  area  are  extremely  high  (0.6-7.37  ppm 
wet  weight  body  homogenate)  and  are  probably  high 
enough  to  reduce  reproductive  success  since  mink  ap- 
pear to  be  sensitive  to  PCBs.  PCB  levels  of  5  ppm  in 
adult  mink  and  1  ppm  in  kits  (in  liver  or  muscle  tissue) 
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TABLE  4.31 


Occurrence  of  PCB  and  organochlorine  pesticides  in  common 
goldeneye  overwintering  on  the  Niagara  River  winter  1984-85. 

ConceDtration  (ug/g  wet  weight)                                       | 

December  1984 

February/March  1985 

Chemical 

Brain 

Fat 

Brain 

Fat 

PCB* 

0.2 

23.5 

0.3 

35.1 

0.1-0.2 

18.2-30.4 

0.2-0.4 

25.9-47.6 

Total  DDT 

0.024 

3.39 

0.03 

4.89 

0.019-0.031 

2.51^.59 

0.022-0.041 

3.44-6.98 

Dicldrin* 

1.013 

0.228 

0.014 

0.71 

0.010-0.017 

0.163-0.317 

0.010-0.019 

0.48-1.05 

HCB* 

0.003 

0.101 

0.003 

0.157 

0.0026-0.0035 

0.078-0.132 

0.0025-0.0036 

0.115-0.215 

Oxychlordane 

0.003 

0.24 

0.0025 

0.25 

0.0026-0.0032 

0.18-0.31 

0.0022-0.0028 

0.19-0.35 

Heptachlor 
Epoxide* 

<0.025 

0.13 

<0.025 

0.23 

- 

0.091-0.17 

- 

0.16-0.34 

Mirex 

ND 

0.109 

ND 

0.107 

- 

0.067-.18 

- 

0.058-0.19 

Endrin 

<0.025 

0.006 

<0.025 

0.005 

- 

0.004-0.006 

- 

0.005-0.007 

Heptachlor 

0.0026 

NC 

0.0028 

NC 

0.0023-0.0028 

0.0025-0.0032 

ND  =  Not  detected 

NC  =  Not  calculated 

*  -  Significant  change  (p<0.05>  between  collection  periods. 

For  each  item  -  first  row  is  the  Mean  and  second  row  is  the  range. 

SOURCE:  New  York  State  Department  of  Environmental  Conservation. 
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have  been  shown  to  cause  mortality"".  There  are 
indications  that  the  numbers  of  mink  living  near  Lake 
Ontario  are  reduced  although  the  exact  reason  is  pres- 
ently unknown. 

Correlations  between  contaminant  levels  in  mam- 
mals and  sub-lethal,  or  lethal  effects  are  not  well  known. 
In  many  cases,  very  little  monitoring  occurred  in  the 
area.  The  major  problem  with  case  histories  is  deter- 
mining the  toxic  agent  as  many  environmental  con- 
taminants are  found  in  the  affected  species  and  their 
concentrations  are  often  correlated. 


4.4.7  Biota  -  Reptilian  and 
Amphibian  Wildlife 


Little  work  has  been  done  on  contaminant  levels 
of  amphibians  and  reptiles  in  the  area.  Recent  sam- 
pling of  3  snapping  turtles  from  the  Welland  River 
indicates  moderate  levels  of  total  PCBs  in  muscle 
(mean  0.12  ppm  wet  weight).  However,  the  age  and 
sex  of  the  turtles  has  not  yet  been  determined  and  the 
effect  of  these  levels  on  the  biota  was  not  investigated. 
Recent  work  on  laboratory  hatched  eggs  indicates  that 
embryonic  development  of  snapping  turtles  may  be 
sensitive  to  organochlorine  residues"-. 


4.4.8  Biota  -  Other 


Due  to  the  highly  developed  area  bordering  the 
Niagara  River  and  the  precipitous  terrain  of  the  lower 
Niagara  River,  the  habitable  area  for  other  resident 
wildlife  of  potential  value  as  contaminant  indicators  is 
very  limited.  Sample  sizes  necessary  to  provide  reli- 
able indicators  of  changes  in  contaminant  load  or  as  a 
measure  of  current  contamination  levels  would  se- 
verely affect  local  wildlife  populations.  Therefore. 
there  is  no  routine  monitoring  of  wildlife  species. 


4.5  Sediment 


Sediment  is  a  significant  factor  in  the  environ- 
mental problems  in  the  Niagara  River  (Ontario)  Area 
of  Concern. 


Soils  and  other  materials  from  natural  processes 
(erosion  and  snowmelt)  and  human  activities  (agricul- 
ture, waste  disposal  and  residential/industrial  land 
development)  gradually  accumulate  in  bottom 
sediments  along  with  much  of  the  load  of  organic  and 
inorganic  contaminants  associated  with  these  materi- 
als. The  predominance  of  sedimentation  and  burial  as 
a  pathway  is  due.  in  part,  to  the  strong  affinity  of  many 
contaminants  for  paniculate  matter.  The  transport  of 
contaminants  from  their  point  of  entry  to  the  river 
system  to  their  final  burial  in  depositional  areas  is  a 
complex  cycle  of  deposition  and  resuspension.  which 
is  further  complicated  by  the  mcorporation  of  con- 
taminants within  the  biota. 


Contaminants  in  sediment  can  be  available  to 
bottom-dwelling  members  of  the  biotic  community 
and  can  be  converted  to  soluble  forms  through  bio- 
logical and/or  microbiological  processes.  In  addition, 
contaminants  in  sediment  that  have  been  deposited  in 
shipping  channels  can  be  remobilized  as  a  result  of 
propeller  activity  and  the  pressure  waves  created  by 
passing  ships.  Contaminants  can  also  be  remobilized 
during  dredging  and  disposal  operations,  which  are 
essential  to  the  maintenance  of  navigation  channels 
and  harbours  and  to  the  excavation  of  new  channels 
and  harbour  facilities. 


The  Niagara  River  has  very  limited  depositional 
areas  in  the  main  channel  due  to  high  velocities.  An 
extensive  side-scan  sonar  survey  by  Environment 
Canada  has  shown  that  virtually  the  entire  river  is 
swept  clean  of  any  fine  sediments. 


Most  sediments  in  the  Niagara  River  are  sus- 
pended while  in  the  river  and  carried  to  an  area  in  Lake 
Ontario  known  as  the  Niagara  River  Bar  (at  the  mouth 
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of  the  Niagara  River  north  of  Niagara-on-ihe-Lake) 
which  is  the  main  depositional  area  for  the  sediment- 
borne  contaminants  from  the  Niagara  River. 


A  minor  depositional  area,  particularly  for  sus- 
pended sediment  which  originates  in  the  Welland 
River  is  the  reservoir  at  the  Sir  Adam  Beck  generating 
stations,  which  provides  a  relatively  quiescent  area  in 
which  a  partial  deposition  of  suspended  sediments  can 
occur.  Over  the  years,  there  has  been  a  significant 
accumulation  of  sediments  in  this  reservoir.  In  addi- 
tion to  accumulation,  these  may  also  be  resuspended 
and  discharged  lo  the  lower  river. 


Surficial  bottom  sediments  (top  3  cm)  in  the  Sir 
Adam  Beck  Reservoir  were  found''^  to  be  contami- 
nated with  arsenic,  cadmium,  chromium,  copper,  iron, 
lead,  nickel,  silver  and  zinc  at  levels  in  excess  of  the 
MOE  guidehnes  for  open  water  disposal  of  dredged 
sediments.  The  mobihty  of  the  reservoir  sediments 
and  the  availability  of  their  associated  contaminants 
has  been  investigated'". 


This  sedimentation  within  the  reservoir  has  cre- 
ated problems  for  Ontario  Hydro.  The  utility  has 
implemented  mitigative  measures  to  minimize  the 
resuspension  of  contaminants.  Precautions  are  now 
required  during  construction  activities  or  changes  in 
operation  of  the  reservoir  to  prevent  the  resuspension 
and  mobiUzation  of  the  contaminated  sediments''". 


Some  sediment  deposition  also  occurs  within 
the  Area  of  Concern,  particularly  at  the  mouths  of 
Niagara  River  tributaries  and  throughout  the  lower 
portions  of  die  Welland  River.  In  many  of  these  areas, 
habitat  and  biota  loss  through  sediment  deposition  is  a 
far  greater  concern  than  chemical  contamination,  al- 
though both  may  occur. 


In  addition  to  contamination  that  exists  on  sedi- 
ment particles  prior  to  suspension  in  water,  the  sus- 
pended sediment  in  the  Niagara  River  tends  to  sorb 
contaminants  from  the  water  column,  particularly  heavy 
metals  and  organics,  during  its  passage  to  Lake  On- 
tario. 


4.5.1  In-Situ  Sediment 
Contamination 


A  number  of  studies  were  undertaken  between 
1980  and  1982  during  die  NRTC  investigation  to 
assess  bottom  sediments  in  the  Niagara  River.  The 
findings  have  been  reported  in  the  NRTC  final  report 
of  1984. 


On  the  Ontario  side  of  the  upper  Niagara  River, 
the  Fort  Erie  and  Chippawa  segments  were  relatively 
uncontaminated,  showing  only  some  metal  contami- 
nation and  no  PCBs  in  excess  of  NRTC  screening 
levels.  These  two  segments  along  with  background 
control  areas  in  Lake  Erie  were  also  less  contaminated 
than  the  lower  river  segment.  The  NRTC  determined 
that  pollutant  levels  were  higher  in  the  Lake  Erie 
conu-ol  area  than  in  either  the  Fort  Erie  or  Chippawa 
segment. 


On  the  U.S.  side  of  the  upper  river,  contami- 
nated sediment  removed  by  the  U.S.  Army  Corps  of 
Engineers  ft-om  the  navigation  channels  in  the  Niagara 
River,  harbours  and  tributaries  to  the  river,  is  depos- 
ited at  a  dumping  ground  in  Lake  Erie  off  Buffalo 
Harbour  near  the  head  of  the  Niagara  River.  By  virtue 
of  its  location  and  the  prevailing  currents,  this  ground 
may  be  a  source  of  contaminants  to  the  river,  espe- 
cially if  persistent  organic  substances  are  remobilized 
from  the  dredgeate. 


The  lower  Niagara  River  was  classified  by  the 
NRTC  as  having  an  intermediate  level  of  pollutants 
(similar  to  Lake  Erie),  although  elevated  levels  of 
hexachlorobenzcne  and  chlorinated  aromatics  were 
noted.  Levels  of  zinc,  mercury,  p,p'-DDT.  alpha- 
endosulfan,  BHCs,  mircx,  PCBs  and  heptachlor  epox- 
ide in  the  lower  river  also  exceeded  average  Lake 
Ontario  levels. 


The  results  of  the  NRTC  study  were,  in  general, 
confirmed  by  a  Ministry  of  the  Environment  sediment 
survey  in  1983"^     Three  sediment  samples  were 
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collected  ai  each  of  over  120  sites  along  the  Canadian 
and  American  sides  of  the  river.  Each  set  of  three 
samples  was  homogenized  to  provide  a  single  sample. 


The  Ontario  Ministry  of  the  Environment  has 
recently  produced  a  series  of  draft  provincial  sediment 
quality  guidelines  (PSQGs)"'.  These  guidelines  are 
biological-effecis  based  to  protect  those  organisms 
which  are  directly  impacted  by  contaminants  in  sedi- 
ment (benthos).  The  guidelines  establish  three  levels 
of  ecotoxic  effects  for  a  number  of  metals,  nutrients 
and  organics.  These  levels  are; 


NOEL:No-Effect  Level  at  which  no  toxic  effects 
have  been  observed  on  aquatic  organisms. 


LEL:  Lowest  Effect  Level  at  which  a  level  of 
sediment  cont^nination  can  be  tolerated  by 
most  (95%)  aquatic  organisms. 

SEL:  Severe  Effect  Level  at  which  a  level  of 
sediment  contamination  is  detrimental  to 
most  (95%)  aquatic  organisms. 

Development  of  the  guidelines  has  progressed 
through  three  drafts  and  are  currently  being  applied  in 
a  number  of  areas,  including  the  lower  Welland  River. 
The  guidelines  themselves  are  now  supported  by  a 
development  document*'  for  ten  of  the  metals  and  an 
applications  consideration  document'^. 


Concentrations  of  metals  in  sediment  collected 
on  the  Canadian  side  of  the  upper  river  were  generally 
lower  than  for  those  collected  on  the  American  side. 
In  addition,  exceedances  of  the  draft  Ontario  Provin- 
cial Sediment  Quality  Guidelines*"  "lowest  effect 
level"  (LEL)  and  "severe  effect  level"  (SEL)  were 
rare  on  the  Canadian  side.  The  single  exception  was 
arsenic  which  exceeded  the  LEL  concentration  on  the 
Canadian  side  at  Fort  Erie  and  in  the  Chippawa  Chan- 
nel. Exceedances  of  these  criteria  occurred  frequently 
on  the  American  side  of  the  river. 


Sediment  collected  from  the  lower  river  in  1983 
had  higher  concentrations  of  phosphorus,  nitrogen  and 
metals  than  sediment  collected  in  the  Chippawa  Chan- 
nel and  at  Fort  Erie.  Exceedances  of  the  LEL  were 
more  common  on  the  lower  river  than  on  the  Canadian 
side  of  the  upper  river.  As  a  comparison,  there  were 
several  sites  in  the  Tonawanda  Channel  that  had  con- 
centrations of  metals  higher  than  those  found  in  the 
lower  river. 


Contaminant  concentrations  on  both  sides  of  the 
lower  river  were  similar,  due  primarily  to  the  strong 
mixing  effects  of  the  falls,  the  rapids  and  the  power 
plant  discharges.  Exceedances  of  the  LEL  for  arsenic, 
cadmium,  zinc,  chromium,  copper,  lead  and  mercury 
occurred  equally  on  both  sides  with  the  exception  of 
chromium  which  was  present  at  Youngstown,  N.Y. 
and  not  at  Niagara-on-the-Lake  and  arsenic  which  was 
higher  near  Queenston  than  near  Lcwiston.  Lead 
concentrations  peaked  on  both  sides  of  the  river  below 
Queenston -Lewiston. 


The  Ministry  of  the  Environment  has  also  stud- 
ied contaminant  levels  in  bottom  sediments  in  the 
reservoir  at  the  Sir  Adam  Beck  generating  stations"'. 
It  was  found  that  surficial  bottom  sediments  (top  3  cm) 
in  the  reservoir  were  contaminated  with  nine  heavy 
metals  at  concentration  levels  in  excess  of  Ministry  of 
the  Environment  guidelines  for  open  water  disposal  of 
dredged  sediments.  However,  only  cadmium,  iron, 
lead  and  nickel  concentrations  in  some  samples  ex- 
ceeded the  proposed  Ministry  guidelines  for  unre- 
stricted land  use  of  dredgeate;  in  one  sample,  the  con- 
centration of  iron  exceeded  the  guideline  for  restricted 
land  use. 


PCBs  were  detected  in  about  half  of  the  samples 
collected  from  the  reservoir  but  at  levels  close  to  the 
detecuon  limit  DDT  and  its  metabolites  were  the 
only  organochlorine  pesticides  detected  in  the  reser- 
voir sediments.  These  findings  suggest  relatively 
recent  upstream  input  of  contaminants.  The  origin  of 
these  contaminants  is  not  known  at  this  time  and  may 
warrant  investigation.  Ontario  Hydro  has  proposed 
mitigative  measures  to  prevent  the  reservoir  from 
becoming  a  future  source  of  contaminants''". 
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In  1983.  The  Ministry  of  the  Environmenl  con- 
ducted a  survey  at  the  mouths  of  eleven  Ontario  tribu- 
taries to  the  Niagara  River"\  This  survey  included  the 
collection  of  bottom  sediments  samples,  some  of  which 
were  found  to  contam  metal  concentrations  at  levels  in 
excess  of  the  Ministry  guidelines  for  open  water  dis- 
posal of  dredged  materials.  Chlorinated  compounds 
and  phenoxy  herbicides  were  also  delected  in  some  of 
the  bottom  sediment  samples. 


Contaminated  sediments  and  a  coal  tar  deposit 
were  identified  in  1983  by  the  Ministry  of  the  Envi- 
ronment following  public  complaints  of  chemical 
burns  to  bathers  in  Chlppawa  Creek.  Subsequent 
investigations  revealed  a  10  by  20  metre  deposit  of 
material  on  the  btittom  of  the  Chippawa  Creek.  Tests 
revealed  the  material  to  contain  high  levels  of  coal  tar 
and  naphtha  residue  including  26  different  types  of 
polycyclic  aromatic  hydrocarbons  (PAHs).  The  mate- 
rial was  also  determined  to  contain  ng/L  levels  of 
dioxins  and  furans;  however,  2.3,7,8-TCDD  was  not 
detected.  The  source  of  these  materials  was  deter- 
mined to  be  historical  and  the  location  was  linked  to 
the  area  currently  occupied  by  the  Norton  Company. 
The  possibility  existed  of  migration  of  the  deposits  as 
a  result  of  continual  scouring  action  in  this  part  of  the 
river  system  along  with  the  possibility  of  continued 
direct  exposure  to  swimmers;  therefore,  clean-up  op- 
erations were  required. 


!n  1986.  the  Ministry  of  the  Environment  and 
Norton  subsequently  undertook  a  joint  program  to  re- 
move this  deposit  from  the  bottom  of  Chippawa  Creek. 
The  coal  tar  mass  was  removed  using  a  barge-mounted 
clamshell  dredge  and  hydraulic  removal.  A  total  of 
500  cubic  metres  of  sediment  were  removed  from  the 
creek  bed  and  temporarily  stored  in  a  settling  basin 
located  near  the  site.  The  dredged  sediment  was  dis- 
posed of  at  a  certified  landfill  site,  after  on  site  treat- 
ment. This  process  was  conducted  between  the  fall  of 
1986  and  the  fall  of  1987.  Local  residents  that  swim  in 
the  area  were  prohibited  from  swimming  during  the 
remediation  period.  Removal  activities  were  com- 
pleted in  1987. 


4.5.1.1  Welland  River  Sediments 


Contaminated  sediments  may  also  represent  a 
problem  in  the  lower  sections  of  the  Welland  River. 
The  typically  slow-flowing  areas  of  the  river  lead  to 
deposition  of  suspended  sediment  (approximately  10 
mg/L  loss)  during  most  of  the  year.  Fine  soils,  eroded 
from  the  agricultural  basin,  may  contam  nutrients  and 
pesticides,  industrial  activities  in  Welland  also  add 
heavy  metals  to  the  suspended  load.  Dredging  has  not 
occurred  in  the  Welland  River  because  spring  run-off 
tends  to  remove  this  bed-load  from  these  deposiiional 
areas  to  a  large  extent. 


In  1990,  a  study  of  the  environmental  condition 
of  the  lower  Welland  River  was  conducted  for  the 
Ontario  Ministry  of  the  Environment'*'".  This  study 
concentrated  on  the  surficial  bottom  sediments  of  the 
Welland  River  between  Welland  Airport  and 
Chippawa  (25  stations)  with  the  intent  to  develop  a 
database  for  the  assessment  of  remedial  options  and  to 
determine  the  significance  of  this  area  in  the  overall 
contamination  problem  in  the  Niagara  River  Area  of 
Concern. 


This  study  determined  that  sediment  quality  was 
quite  variable  throughout  the  study  area.  The  concen- 
trations of  lead,  chromium,  nickel,  zinc,  cadmium, 
copper,  arsenic,  iron,  mercury,  nitrogen,  phosphorus, 
PCBs,  PAHs,  oil  and  grease  exceeded  MOE  open 
water  disposal  guidelines  at  some  locations.  No 
organochlorine  pesticides  were  detected. 


The  area  of  severest  contamination  was  the  reach 
of  the  Welland  River  between  the  old  and  new  Welland 
Canals.  Between  the  upper  syphon  and  the  Welland 
sewage  treatment  plant  outfall,  sediment  quality  was 
degraded  by  several  metals,  oil  and  grease,  cyanide  and 
PAHs.  Many  of  these  parameters  were  also  at  elevated 
levels  in  the  area  east  of  the  Welland  Ship  Canal.  A 
number  of  industrial,  municipal  and  stormwater  dis- 
charges are  located  in  these  areas,  as  well  as  several 
landfill  sites,  although  no  attempt  was  made  to  link 
sources  lo  contaminated  sediments  in  this  study. 
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The  sedimenls  in  the  portion  of  the  Welland 
River  known  as  Chippawa  Creek  were  determined'"*'  to 
be  generally  uncontaminaied  although  the  fast  moving 
current  tends  to  inhibit  sedimentation. 


4.5.1.2  The  Atlas  Reef 


Studies  by  Brock  University  researchers  in  the 
mid-lQSO's*'^*'-  revealed  a  heavily  contaminated  sedi- 
ment deposition  area  in  the  Welland  River  in  the  City 
of  Welland.  Results  of  the  initial  sediment  sampling 
and  chemical  analysis  indicated  an  area  of  heavy 
metal  contamination  in  the  Welland  River  in  the 
vicinity  of  the  Atlas-Mansfield  sewer  outfall  on  the 
east  bank  of  the  river  between  Almond  and  Bruce 
Streets  in  Welland.  Further  testing  showed  a  reef-type 
deposit  of  heavy  metals  adjacent  to  the  sewer  outfall 
with  chromium  and  nickel  the  major  contaminants. 
During  low  flow  conditions,  portions  of  this  sizable 
deposit  are  exposed  above  the  water  level  and  have 
formed  a  hard  rock-like  crust  which  resembles  an 
unsightly  "reer  in  the  Welland  River. 


Brock  researchers  have  also  investigated  the 
aquatic  life  in  the  vicinity  of  the  reef***'^  and  discov- 
ered that  parts  are  devoid  of  macrophytes  and  benthos. 
There  is  also  a  defined  zone  of  lesser  impact  and 
various  recovery  zones  which  extend  at  least  to  the 
Wetland  water  pollution  control  plant  outfall,  ap- 
proximately 800m.  downstream. 


The  deposit  has  been  associated  with  the  dis- 
charge of  Atlas  Specialty  Steels  of  Welland.  Ontario, 
which  has  released  contaminated  effluents  into  the 
Welland  River  for  approximately  50  to  60  years.  Over 
the  past  several  years.  Atlas  has  undenaken  efforts  to 
eliminate  or  minimize  the  impact  of  its  Welland  op- 
eration on  the  surrounding  environment.  Atlas  and  its 
parent  company  Sammi  Steel  have  recognized  corpo- 
rate and  community  responsibility  in  the  contamina- 
tion of  river  sediments  and,  in  1987.  committed  to 
clean-up  the  river  contamination.    Atlas'  plant  dis- 


charges have,  in  the  past,  consisted  of  granular  and  oily 
industrial  wastes  which  contain  heavy  metals  and  sol- 
vent extractables  (oil  and  grease);  some  of  these  were 
discharged  as  instantaneous  contaminant  batches  which 
were  identified  as  causes  of  "shock"  to  the  ecosys- 
tem."" 


Process  modifications  and  construction  of 
wastewater  treatment  facilities  at  its  north  and  south 
plants  during  the  past  decade  and  a  half  have  improved 
the  quality  of  Atlas'  discharge.  While  some  heavy 
metal  contamination  remains,  solids,  oil  and  grease 
have  been  largely  removed  at  the  plant.  Further 
modifications  towards  a  closed-loop  system  should 
reduce  the  contaminant  load  further. 


Atlas  has  committed  Itself  to  undertaking  a  clean- 
up of  the  contaminated  sediment  deposits  and.  as  a 
result,  has  implemented  investigations  which  included 
a  complete  definition  of  the  limits  and  nature  of  the 
contamination,  characterization  of  the  reef  deposits 
and  an  assessment  of  appropriate  clean-up  technolo- 
gies. These  investigations  were  conducted  during  the 
summer/fall  of  1989*"'""  and  again  in  the  spring  of 
1990""  and  have  established  the  presence  of  three 
distinct  deposits  in  the  Welland  River.  The  three  reefs 
are  located  between  the  Regional  Municipality  of 
Niagara  (RMON)  Welland  Water  Treatment  Plant  at 
the  south  end  of  Meritt  Island  and  the  RMON  Welland 
Water  Pollution  Control  Plant  approximately  2km. 
downstream.  The  reefs  are  known  as: 


1.  Atlas-Mansfield  Reef 

2.  Downstream  Reef 

3.  McMaster  Reef 
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The  reefs  are  composed  of  a  black  coarse  granu- 
lar metallic  material,  occasionally  interlayered  with 
soft,  black  clay,  sand  or  silt,  overlying  the  natural 
reddish-brown,  stiff  clayey  till  river  bottom.  The  granu- 
lar material  is  generally  compact  (35-65%  relative 
density)"'  while  underwater.  Upon  its  exposure  to  air, 
the  material  undergoes  oxidation  to  a  30-50  mm.  thick, 
orange,  easily  broken  crust.  Both  wet  and  dry  forms 
give  off  an  oily  odour,  as  well  as  an  oily  sheen  and 
texture.  In  the  downstream  reef,  the  black  granular 
material  is  not  always  present  and  contamination  was 
sometimes  observed  as  soft,  black,  silty-clay  sedi- 
ment"^ In  the  vicinity  of  the  reefs,  natural  sedimenta- 
tion also  occurs.  This  material  is  generally  a  soft  to 
firm  mixture  of  clay  and  silt  with  traces  of  sand.  Occa- 
sionally this  sediment  may  also  contain  more  sand  and 
minor  amounts  of  gravel. 


The  sediment  investigations  in  and  around  the 
Atlas  Reefs  have  shown  that  the  main  reef  deposits 
contain  copper,  chromium,  iron,  lead,  manganese, 
nickel  and  zinc  at  levels  exceeding  Ontario's  draft 
PSQG  "severe  effect  levels".  Analyses  for  PCBs  and 
irichloroethylene  showed  concentrations  near  or  be- 
low detection  limits"^  Reef  material  was  also 
analyzed  for  base/neutral  exu-actable  organics  includ- 
ing PAHs.  These  showed  some  compounds  detectable 
at  trace  levels  or  low  ug/g  range"^  All  organics,  with 
one  exception  are  below  PSQG  "lowest  effect  levels" 
indicating  that  organic  contamination  is  not  a  f^tor  in 
the  reef  sediments. 


A  fairly  large  area  of  contamination,  approxi- 
mately 1300m.  in  length,  has  been  dehneaied,  concen- 
trated mostly  on  the  east  side  of  the  Welland  River  but 
in  some  locations  migrating  across  the  full  width  of 
the  river""-'".  Generally,  concentrations  of  metals  on 
the  west  side  are  similar  to  upstream  (background) 
metal  concentrations  and  significanUy  less  than  mela! 
concentrations  in  the  reef  deposits.  A  statisucal  analy- 
sis of  sediment  data  by  Acres""  has  generated  an 
estimate  of  30,{XX)  cubic  metres  of  contaminated  sedi- 
ment requiring  removal. 


As  pan  of  the  investigation.  Atlas  confers  with 
the  public  through  a  Liaison  Committee.  The  com- 
mittee raised  the  issue  of  potential  contamination  of 
the  floodplain,  in  addition  to  the  boaom  sediments. 
Acres  has  conducted  preliminary  east  bank  floodplain 
investigations'"  and  detailed  investigations  are 
underway.  The  preliminary  investigations  revealed 
elevated  levels  of  heavy  metals,  oil  and  grease  con- 
tamination in  the  top  two  surface  strata  in  the  eastern 
floodplain.  These  strata  (up  to  3m.  thick)  have  a 
strong  oily  sheen  and  odour  and  covers  a  layer  of 
sandy  septic  material  (1.6m.  thick).  Contamination  of 
the  floodplain  is  still  under  investigation"'. 


Atlas  intends  to  implement  a  remediation  project 
which  uses  state-of-the  art  dredging  and  sediment 
treatment  technologies.  Prior  to  its  implementation, 
the  potential  environmental  effects  of  the  proposed 
project  and  the  miugative  measures  required  to  mini- 
mize its  impact  will  be  identified.  They  have  deter- 
mined that  the  dredge  method  which  is  most  cost- 
effective  and  environmentally  acceptable  is  the  "suc- 
tion dredge  method".  In  partnership  with  Environ- 
ment Canada,  under  the  Great  Lakes  Action  Plan, 
Atlas  conducted  a  sediment  removal  and  treatment 
demonstration  project  in  the  fall  of  1991"*.  During 
this  time,  500  to  1000  m^  of  sediments  were  removed. 
If  this  demonstration  project  is  successful  (ie.  meets 
all  government  operational  and  performance  stand- 
ards, and  meets  all  government  regulatory  require- 
ments for  remediation  of  the  Welland  River),  it  will  be 
applied  on  a  much  larger  scale  to  the  entire  Atlas  Reef 
deposits. 
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4.5.2  Suspended  Sediment 
Contamination 


In  a  fluvia]  system,  sediments  are  continually 
resuspended,  transported  and  deposited  in  other  areas. 
This  is  particularly  true  of  fine-grained  sediments.  In 
the  Niagara  River,  with  its  high  rate  of  flow,  the 
transportation  of  sediments  and  deposition  at  the  Nia- 
gara Bar  area  in  the  western  basin  of  Lake  Ontario  has 
been  well  documented**"*"*.  Due  to  the  water  veloc- 
ity, accumulation  of  any  particles  that  are  less  than  63 
um  in  size  is  rare,  although  occasionally  a  small 
quantity  of  fine-grained  sediment  becomes  entrapped 
within  the  coarser  bouom  sediments"*.  Research  in 
the  1970's  estimated  that  fifty  percent"*  of  the  silt  and 
fine-sized  grain  material  load  to  Lake  Ontario,  or  4.56 
million  tonnes  per  year,  was  contributed  by  the  Nia- 
gara River"*.  In  1983.  this  load  was  estimated  at  1.54 
million  tonnes  of  silt  and  fine-sized  grain  material  per 
year"'.  Most  of  the  material  is  believed  to  come  from 
Lake  Erie*. 


Substantial  quantities  of  contaminants  enter 
Lake  Ontario  from  the  Niagara  River  on  the  sus- 
pended sediment  fraction  because  of  the  propensity  of 
organic  and  inorganic  contaminants  to  bind  (or  ad- 
sorb) to  fine-grained  particulate  matter"'.  It  was 
estimated  that  die  river  contributes  a  significant  pro- 
portion of  the  sediment-bound  lead  (46%),  copper 
(68%),  zinc  (86%)  and  PCBs  (33%)  to  Lake  Ontario**. 


Niagara  River  bouom  sediment  study  results** 
suggested  that  resuspension  of  contaminated  sediment 
is  probably  insignificant  throughout  most  of  the  riv- 
er's channel.  Concentrations  of  organics  in  the  bot- 
tom sediments  were  greater  than  those  in  Lake  Erie 
sediments.  It  was  concluded  that  organic  contami- 
nants from  different  sources  also  become  associated 
with  coarse  grained  bouom  sediments  in  the  river. 


Niagara  River  suspended  sediment  collections** 
contained  levels  of  inorganic  and  organic  contami- 
nants greater  than  those  measured  at  Fort  Erie  with  the 
exception  of  DDT.    For  example:  lead,  copper  and 


zinc  measurements  at  Fori  Erie  were  43. 25  and  76  ug/ 
g  respectively,  while  measurements  at  Niagara-on-the- 
Lake  were  133, 102  and  350  ug/g.  This  is  equivalent  to 
the  levels  found  in  the  bottom  sediments  in  the  western 
basin  of  Lake  Ontario. 


In  summary,  while  there  is  a  large  sediment  load 
flowing  through  the  Niagara  River,  very  little  of  the 
quantity  is  thought  to  originate  from  sources  in  the 
river  itself  or  from  resuspension  of  bottom  sediment. 
The  quality  of  the  suspended  particles  however,  can 
be  attributed  to  sources  along  the  river  and  the  ability 
of  both  inorganic  and  organic  contaminants  to  adsorb 
onto  the  fine-grained  fraction. 


4,5.3  Siltation  and  Erosion 


Sediment  itself  must  also  be  considered  a  pollut- 
ant when  ii  interferes  with  beneficial  use  of  the  wa- 
ter"'. In  1970,  pollution  was  the  most  serious  water 
problem  in  Uie  Niagara  peninsula'^.  One  of  the  main 
pollutants  of  the  inland  rivers  was  sediment.  Water 
having  suspended  sediment  concentrations  in  excess 
of  5  mg/L  was  considered  unsuitable  for  drinking, 
whereas  swimming  waters  having  levels  greater  than 
10  mg/L  lead  to  complaints"'.  In  1970.  the  recrea- 
tional potential  of  the  inland  rivers  of  the  Niagara 
Peninsula  was  considered  seriously  curtailed  due  pri- 
marily U)  low  flows  and  sediment  pollution™. 


There  are  many  contributors  to  increased  ero- 
sion and  siltation.  One  of  the  major  contributors  is 
poor  land  management  practice,  including  excessive 
removal  of  vegetative  cover,  channehzation,  cultiva- 
tion close  to  the  bank,  and  field  erosion '^•■'^.  Field 
and  streambank  erosion  problem  areas  were  mapped 
in  1970™  and  indicate  the  upper  Welland  River  as  a 
problem  area  for  the  watershed.  Suspended  sediment 
in  the  water  has  been  related  to  land  use;  levels 
increase  with  cropland  and  decrease  in  areas  of  wood- 
land and  improved  grassland'". 
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There  are  many  problems  associated  with  high 
erosion  and  siltaiion.  The  clarity  of  the  waters  in  the 
Welland  River  is  poor  due  to  the  high  sediment  ioad. 
Suspended  sediment  in  the  water  column  can  ad- 
versely affect  water  quality  in  various  ways.  High 
sediment  load  can  increase  water  temf>erature  and 
decreases  light  penetration,  which  lead  to  a  decreased 
photosynthetic  rate"'"-'"-'".  Low  light  can  also  re- 
duce feeding  activity  of  fish  that  are  visual  feedere**. 
High  loadings  of  nutrients  associated  with  sediment 
can  cause  increased  eutrophicaiion,  which  leads  to 
decreased  oxygen  levels". 


In  portions  of  the  Welland  River,  sediment  has 
settled  out  of  the  water  column.  This  has  resulted  in 
changes  to  the  characteristics  of  the  bottom,  covering 
il  with  a  layer  of  silt.  This  degrades  invertebrate 
populations  by  removing  substrate,  causing  increased 
drift,  and  clogging  filtering  devices'*-'".  Fish 
populations  are  similarly  affected  by  the  changing  of 
spawning  areas,  resulting  in  decreasing  fish  egg  sur- 
vival, abrasion  of  fish  gills  which  leads  to  increased 
susceptibiUty  to  disease,  changing  of  food  sources  and 
feeding  rates,  changes  in  distribution  in  the  water 
column  which  could  affect  adult  fish  survival,  possi- 
ble interference  with  migrations  and  changes  in  blood 
physiology  at  high  levels" •"•'"■'"■'"■"»■'». 


The  net  effect  of  increased  sediment  is  change  to 
the  composition  and  diversity  of  aquatic  species.  Spe- 
cies composition  usually  moves  from  sensitive  spe- 
cies to  more  tolerant  ones;  this  means  a  movement 
from  original  fish  species  like  bass,  perch,  and  wall- 
eye, to  carp,  catfish,  and  freshwater  drum  and  from 
filler  feeding  invertebrates  such  as  caddisfiies  and 
mayfiies  to  sediment  dwellers  such  as  worms  and 
chironomids"''"'"^. 


Sediment  loading  has  a  negative  economic  ef- 
fect on  the  system  by  reducing  numbers  of  desired 
high  value  sport  and  commercial  fish  and  by  reducing 
recreational  activities.  The  waterbody,  in  general,  is 
not  as  aesthetically  pleasing  to  man.  The  economic 
effect  of  soil  loss  from  agriculture  must  also  be  con- 
sidered'". Sediment  can  also  cause  navigational  prob- 
lems and  indirectly  cause  drinking  water  limitations'". 


Generally,  the  "no  effect  level"  for  suspended 
sediment  levels  is  considered  to  be  25  mg/L.  This  is 
the  maximum  acceptable  concentration  of 
nonfilterable  residue  in  Manitoba.  The  European 
Inland  Fisheries  Advisory  Commission  (1965)  set  25 
mg/L  as  the  maximum  concentration  of  suspended 
solids  for  a  high  level  of  protection  with  no  harmful 
effects  on  fisheries.  Levels  higher  than  80  mgA- 
indicate  a  low  level  of  protection  and  the  system  is 
unlikely  able  lo  support  a  good  fishery". 


Suspended  sediment  levels  on  the  Welland  River 
are  higher  than  those  in  the  Niagara  River,  due  pre- 
dominantly to  the  basin  soils.  The  main  soil  type  in 
the  Welland  River  basin  is  clay.  Fine  grained  cohe- 
sive materials,  such  as  clay  particles,  are  hard  to  erode 
but  once  in  the  water  column,  remain  suspended  for 
longer  periods'^  and  will  travel  farther  downstream. 
The  Welland  River  is  very  turbid,  year  round,  from  the 
headwaters  at  Mount  Hope  to  a  point  just  east  of  Port 
Robinson,  after  the  river  passes  under  the  Welland 
Ship  Canal.  Flow  augmentation  from  the  canal  at  this 
point  dilutes  the  suspended  sediment  concentration  in 
the  river  causing  a  change  in  die  water  colour.  Even 
with  flow  augmentation  from  the  canal,  the  average 
suspended  solids  concentration  at  the  confluence  with 
Chippawa  Creek  is  28  mg/L. 


Levels  of  suspended  solids  are  determined 
monthly  at  various  sites  along  the  Welland  River  by 
filtration.  Average  levels  in  mg/L  at  the  Sinclairville 
bridge  and  Montrose  bridge  sampling  sites  are  86  and 
28  respectively,  with  maximums,  over  a  nine  year 
period  (1980-1988).  of  542.4  and  451.7.  In  1970, 
suspended  sediment  concentrations  in  the  Welland 
River,  downstream  of  Warner,  exhibited  levels  lower, 
but  within  the  range,  of  current  levels  at  the 
Sinclairville  bridge'".  The  maximum  levels  of  sus- 
pended sohds  occur  at  peak  flows,  which  may  last 
from  several  days  to  weeks. 


Suspended  sediment  levels  found  in  the  Welland 
River  (and  on  occasion  in  the  Niagara  River  tributar- 
ies) are  above  the  level  which  provides  a  high  level  of 
protection  to  fisheries  (25  mg/L).  Although  these 
suspended  solid  levels  are  not  directly  lethal  to  fish  it 
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has  been  shown  that  at  levels  greater  than  100  mg/L 
growth  rate  and  feeding  response  is  slower,  and  with 
levels  greater  than  300  mg/L  fish  are  displaced,  oxy- 
gen uptake  is  increased,  and  toxicant  tolerance  is 
decreased'". 


Sediment  loading  to  the  Weliand  River  can  be 
estimated  using  average  annual  suspended  sediment 
concentrations  and  flows.  The  continuous  flow  gauge 
for  the  Weliand  River  is  located  at  Caisior  Comers, 
well  upstream  from  the  confluence  with  the 
Queenston-Chippawa  Power  Canal.  No  water  quality 
sampling  is  undertaken  at  this  location  but  flows  from 
the  gauge,  together  with  flow  figures  of  water  diver- 
sions from  the  Weliand  Canals,  provided  by  the  St. 
Lawrence  Seaway  Authority  are  used  by  the  Ministry 
of  the  Environment  to  estimate  flows  at  Montrose 
where  suspended  sediment  concentraticHis  are  moni- 
tored. 


These  load  estimates  are  based  upon  average 
annual  suspended  solids  estimates:  therefore,  they 
tend  to  underestimate  the  inputs  at  peak  flows.  Esti- 
mates made  in  the  Weliand  River  Report^  are  ap- 
proximately 25  percent  of  those  determined  here.  The 
annual  flow  used  in  the  former  study  is  lower  than  that 
deiermined  by  the  MOE  (1989).  Other  methods  of 
estimating  sediment  load  are  available  but  there  is  a 
lack  of  flow-related  data  for  the  Weliand  River  and 
other  n-ibutarics. 


Measurements  along  the  Weliand  River  indicate 
that  the  average  suspended  sediment  concentration 
decreases  downstream  from  Sinclairville.  This  sug- 
gests that  siltation  rates  could  be  higher  in  the  upper 
reaches  or  that  dilution  is  occurring  as  more  water 
enters  the  stream. 


Dissolved  solids  are  operationally  defmed  as 
material  that  passes  through  a  0.45  ug  pore-size  filter. 
Average  levels  of  dissolved  solids  (filterable  residue) 
in  the  Weliand  River  at  the  Sinclairville  bridge  and 
Montrose  samphng  sites  are  490  and  235  mg/L  with 
maximums  of  1,270  and  386  mg/L  over  a  nine  year 
period  (1980-1988).    These  values  were  determined 


from  monthly  water  sampling.  Sampling  results  from 
1970  show  similar  results  for  the  Weliand  River  and 
levels  of  400-560  mg/L  for  Forks,  Coyle,  and  Oswego 
Creeks'^.  Dissolved  solids  in  the  Niagara  River  and 
tributaries'**  were  not  monitored. 


Dissolved  solids  determine  the  ionic  strength  of 
the  water  and  are  involved  in  complexations  and 
precipitation  processes  with  trace  metals'".  They  also 
provide  nutririonally  important  ions  to 
phytoplankton'^.  The  composition  and  concentration 
of  dissolved  solids  are  important  in  determining  the 
variety  and  abundance  of  aquatic  plants  and  fauna. 
Major  changes  in  the  quantity  or  composition  of  total 
dissolved  solids  will  influence  the  function  and  struc- 
ture of  the  local  aquatic  ecosystem'". 


Total  dissolved  solids  are  correlated  to 
eutrophication.  One  researcher  suggested  a  relation- 
ship between  the  morphoedaphic  index  (total  dis- 
solved solids/mean  depth)  and  total  yield  to  fishing.  If 
mean  depth  is  held  constant,  total  dissolved  solids 
(TDS)  is  related  to  yield  and  as  TDS  increases  there  is 
a  change  in  species  composition  from  salmonids  to 
cyprinids.  Therefore,  high  levels  of  TDS  indicates 
eutrophication  and  an  effect  on  the  fisheries  of  the 
water  body'". 


The  biological  impact  of  sedimentation  is  sig- 
nificant It  has  been  reported  that  a  silt  deposit  rate  of 
1.0  mm/day  can  be  associated  with  97%  mortality  in 
pike  eggs''.  In  an  ecosystem  study,  sedimentation  was 
reported  to  be  the  major  habitat  factor  in  the  viability 
of  smallmouth  bass  population"  in  Iowa  streams. 
Other  researchers  confirm  that  increased  sedimenta- 
tion leads  to  decreased  fish  production". 


The  total  dissolved  solids  levels  found  in  the 
Weliand  River  are  well  above  the  c^timum  range  of 
dissolved  solids  for  walleye  (40-80  mg/L)'«.  There- 
fore, walleye  may  be  impaired  by  the  high  level  of 
dissolved  solids  in  the  Weliand  River  but  it  is  only  one 
of  several  possibilities.  Walleye  used  to  be  present  in 
the  Weliand  River  but  now  are  gone.  Rehabilitation 
seems  unlikely  unless  dissolved  solids  are  reduced. 
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suspended  solids  are  reduced,  possible  blockages  lo 
migration  corrected,  and  siltation  cleaned  off  possible 
spawning  areas. 


Very  little  informaiion  is  available  cm  suspended 
sediment  levels  in  the  tributaries  of  the  Welland  and 
Niagara  Rivers.   In  1970,  suspended  sediment  levels 


were  deiennined  on  Forks  and  Oswego  Creeks,  tribu- 
taries of  the  upper  Welland  River.  Levels  ranged  from 
80-180  mg/L. 


A  1983  tributary  siudy^**  estimated  suspended 
sediment  loadings  (Table  4.32);  however,  these  esti- 
mates were  based  on  flow  values  from  one  day  and,  on 


TABLE  4.32 


Suspended  Sediment  Concentrations  and  Loadings  for  the  Niagara  River 
and  its  Tributaries 

Waterbody 

Suspended 
Concentration 

(mg/L) 

Sediment 
Load 

(t/yr) 

Water  Flow 
(cms) 

Date  Gauged 

Niagara  River  # 

10 

1,700,000 

6400 

1979-81 

Welland  River  • 

28 

30,100 

34.1 

1980-88 

20.5-38.3 

26,200 

40.6 

June  10/83 

Frenchmans  Creek 

13.9-17.6 

N/A 

0.084 

June  7/83 

MiUer  Creek 

12.0-34.4 

21.6 

0.020 

May  1/83 

Baker  Creek 

10.5-29.7 

N/A 

NAj 

N/G 

Black  Creek 

26.9-93.4 

5,000 

1.691 

June  8/83 

Boyers  Creek 

15.7^2.8 

N/A 

N/G 

N/G 

Usshers  Creek 

3.0-5.8 

2.2 

0.012 

June  9/83 

PeU  Creek 

17.3-66.7 

12.6 

0.023 

June  9/83 

Lyons  Creek 

7.3-12.0 

1.600 

4.358 

JuneU/83 

Chippawa  Creek 

4.5-6.0 

N/A 

N/G 

N/G 

Thompsons  Creek 

25.8-29.4 

2300 

0.132 

Junen/83 

LEGEND:             #  -  Average  flow  calculated  from  hourly  flow  at  Queenston 

-  suspended  sediment  sampled  bi-weekly  April  1979  -  Dec.  1981 
*  -  Flow  calculated  from  gauge  at  Merritt's  Church 

-  suspended  sediment  sampled  monthly  1980  - 1988 
N/A  -  not  available 

N/G  -  not  gauged 
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average,  three  suspended  sediment  sampling  dates. 
Concentrations  ranged  from  3.0-93.4  m&O-  with  the 
highest  concentrations  found  in  Black  Creek"*.  Re- 
sults extrapolated  from  such  limited  data  are  generally 
unreliable.  Given  the  sediment  load  pattern  of  the 
Welland  River  much  higher  loads  from  these  tributar- 
ies are  very  possible. 


Suspended  sediment  levels  for  the  Niagara  River 
are  determined  weekly  at  Fort  Erie  and  Niagara-on- 
the-Lake  by  centrifugation  over  a  24  hour  period. 
Average  levels  at  Niagara-on-the-Lake  are  approxi- 
mately 10  mg/L  with  a  recorded  maximum,  over  a  ten 
year  period  (1979-88).  of  53.7  mgA-. 


Estimates  of  sediment  loadings  from  the  Nia- 
gara River  and  its  tributaries  to  Lake  Ontario  can  be 
made  using  average  annual  suspended  sediment  con- 
cenu-ations,  as  determined  on  a  weekly  basis  by  cen- 
trifugation. and  flow  data  friom  the  gauge  at  Niagara- 
on-the-Lake.  This  provides  only  an  estimate  of  load- 
ing and  will  be  underestimating  the  actual  load,  as 
peak  suspended  sediment  concentrations  and  water 
flows  coincide  and  the  majority  of  the  load  occurs 
during  peak  events'".  Estimated  suspended  sediment 
loads  can  be  seen  in  Table  4.32. 


A  comparison  of  the  suspended  sediment  and 
water  flow  values  determined  at  Fort  Erie  with  those 
from  Niagara-on-the-Lake  indicates  the  loads  leaving 
the  river  at  Niagaia-on-the-Lake  are  slighUy  higher 
than  those  entering  at  Fort  Erie.  These  results  indicate 
that  the  majority  of  the  suspended  sediment  in  the 
Niagara  River  originates  from  Lake  Erie.  This  is 
supponed  by  the  fact  that  suspended  sediment  concen- 
trations at  Niagara-on-the-Lake  can  be  correlated  with 
storm  events  on  Lake  Erie.  Erosion  and  sedimentation 
on  the  Niagara  River  itself  are  primarily  due  to  erosion 
at  the  gorge  face,  as  the  bottom  of  the  river  is  predomi- 
nantly bedrock.  Deposition  will  occur  in  areas  of 
increased  channel  capacity  or  decreased  gradient; 
bends  in  the  river  and  deep  holes'". 


The  estimate  provided  indicates  that,  even  though 
the  suspended  sediment  concentrations  in  the  Welland 
River  are  much  higher  than  those  in  the  Niagara  River, 
the  impact  of  the  Welland  sediment  load  is  minimal 
due  to  the  large  relative  difference  in  the  volumes  of 
flow  in  the  two  rivers.  However,  the  plume  of  water 
discharged  from  the  Sir  Adam  Beck  power  generating 
stations  is  visible  in  the  Niagara  River,  most  likely  as  a 
result  of  this  higher  suspended  sediment  levels  a.ssoci- 
ated  with  the  Welland  River  water  that  discharges 
through  the  power  planL 


The  suspended  sediment  load  in  the  Niagara 
River  represents  the  major  portion  of  the  sediment 
loading  to  Lake  Ontario.  Over  1.6  miUion  tonnes  of 
sediment  are  discharged  annually  with  much  of  this 
load  being  deposited  on  the  Niagara  Bar  at  the  mouth 
of  the  Niagara  River.  The  fine  gravels  and  sand 
deposited  on  the  Canadian  portion  of  the  bar  are  mined 
for  construction  aggregate  by  a  company  holding  a 
license  for  dredging  operations. 


The  biological  effects  of  the  deposition  and 
mining  of  the  sand  and  gravel  from  the  Niagara  Bar 
are  not  fully  understood.  It  may  be  assumed  that  the 
deposition  will  change  the  bottom  topography. 
Resuspension  during  dredging  in  Denmark  has  been 
reported'",  with  concentrations  of  up  to  5,000  mgA-; 
however,  such  concentrations  are  likely  associated 
with  fine  grained  clays  and  silts.  The  course  material 
in  the  Canadian  portion  of  the  Niagara  Bar  would  not 
resuspend  solids  to  the  same  level,  nor  would  the 
materials  contain  significant  amounts  of  adsorbed 
chemical  contaminants.  Currently,  there  is  no  evi- 
dence to  suggest  that  organic  chemicals  are  being 
resuspended  into  the  water  column  as  a  result  of  the 
dredging  activities  on  the  Canadian  portion  of  the 
Niagara  Bar. 


The  most  heavily  contaminated  areas  of  sedi- 
ment involve  the  fine  clays  and  silts  which  are  carried 
out  ftirther  from  the  mouth  of  the  river  and  deposited 
in  U.S.  waters  on  the  western  portion  of  the  Niagara 
Bar.  Presumably,  the  levels  of  suspended  solids  re- 
ported in  the  Danish  study  might  be  achieved  if  dredg- 
ing were  to  be  carried  out  on  such  fine  grain  contami- 
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nated  sediments.  In  such  a  case,  the  subsequent  in- 
crease in  the  proportion  of  fine  sediments  could  have 
further  detrimental  effects  to  Lake  Ontario,  both  by 
increasing  contaminant  concentraiions  in  the  water 
column  and  by  depositing  a  layer  of  highly  contami- 
nated fines  over  a  larger  area. 


4.6  Aesthetics 


The  majestic  setting  of  the  Niagara  River  has 
made  it  a  major  attraction  for  millions  of  people, 
tourists  and  residents  alike.  However,  for  many  peo- 
ple, the  beauty  of  Niagara  Falls  is  compromised  by  the 
presence  of  invisible  toxic  contaminants. 


There  are  also  a  number  of  visible  contaminants 
that  detract  from  the  aesthetics  of  the  Niagara  River; 
however,  these  are  not  necessarily  associated  with 
human  activities  and  are  also  not  necessarily  associ- 
ated with  toxic  contaminants.  In  the  spring  period, 
snowmelt  and  erosion  carry  soils  into  the  surface 
waters  throughout  the  Great  Lakes  Basin.  Many  of  the 
larger  soil  particle  settle  out  in  river  mouths  and  lake 
basins.  Many  of  the  very  fine  particles,  especially  the 
clays  of  the  Lake  Erie  basin,  remain  in  the  water 
column  and  are  deUvered  to  the  Niagara  River.  These 
soils  cause  the  Niagara  River  to  take  on  a  light  tan 
colour,  during  the  spring  period.  Many  viewers  asso- 
ciate this  discolouration  with  chemical  pollution  but 
there  is  no  indication  that  this  association  occurs. 
Contaminant  levels  measured  at  Niagara-on-the-Lake 
show  no  significant  increase  during  this  period. 


In  laie  summer,  algae  blooms  and  dies  in  Lake 
Erie  causing  discolouration  of  the  Niagara  River  simi- 
lar to  the  spring  sediment  discolouration.  This  prob- 
lem has  been  reduced  significantly  over  the  past  two 
decades  widi  the  pollution  control  measures  that  have 
been  implemented  in  the  Lake  Erie  basin;  however,  a 
stronger  than  normal  algal  bloom  in  Lake  Erie  during 
the  late  summer  and  early  fall  of  1991  and  subsequent 
die-off  has  been  associated  with  taste  problems  in 
municipal  water  supplies  in  the  Niagara  River. 


Excessive  growth  of  aquatic  macrophytes  or 
plants  has  created  aesthetic  problems  in  many  inland 
l^es  and  rivers.  Although  concerns  over  this  problem 
may  be  valid  for  tributaries  in  localized  portions  of  die 
watershed,  this  is  not  a  major  concern  in  the  Niagara 
River  in  that  due  to  its  fast-fiowing.  turbulent  nature,  it 
is  not  affected  by  abundant  weed  growth. 


Aesthetics  concerns  have  also  included  air  qual- 
ity in  the  Maid-of- the- Mist  Pool  and  die  associated 
quality  of  the  mist  at  the  brink  of  die  Horseshoe  Falls. 
Reports'"-'"  on  air  quality  investigations  have  failed 
to  provide  evidence  of  mist  related  contamination  that 
could  be  a  problem. 


One  of  the  most  recognized  aesthetic  concerns 
in  the  Niagara  River  is  the  year-round  appearance  of  a 
brown  foam  or  "scum"  in  the  Maid -of- the- Mist  Pool. 
Investigations  have  shown  that,  aldiough  this  foam 
affects  the  aesthetics  of  the  immediate  Niagara  Falls 
area,  it  is  caused  by  die  plunging  of  the  water  at  the 
Horseshoe  Falls  and  comprises  mainly  decayed  veg- 
etation and  the  tan-coloured  clay  particles  mentioned 
above.  The  foam  rapidly  dissipates  downstream  from 
die  falls. 


4,6,1  Aquatic  Vegetation 


Aquatic  plants  form  an  important  component  of 
the  environment  in  a  lake  or  river  by  providing  shelter 
and  feeding  areas  for  many  fish  and  wildlife  species. 
Some  researchers  have  reported^  at  least  603  species 
of  aquatic  animals  feeding  on  aquatic  plants.  Some 
species  of  fish,  such  as  yellow  perch  and  muskellunge, 
spawn  in  shallow  vegetated  areas  of  lakes  and  streams. 
Many  species  of  birds  and  mammals  utilize  vegetated 
areas. 


Excessive  growths  of  aquatic  plants  can  have 
detrimental  effects  on  biological  diversity  and  pro- 
duction and  on  aesthetic  and  recreational  values.  The 
most  productive  wetlands  are  those  which  have  gener- 
ous inierspersions  of  open-water  areas  dial  are  inier- 
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connected  by  channels.  These  channels  serve  as  irave! 
corridors  for  fish  and  other  aquatic  animals.  Water 
currents  through  these  channels  serve  to  keep  the 
wetland  fresh  and  clean.  Infilling  of  wetlands  by  cattail 
or  other  dominant  species  reduces  the  biological  diver- 
sity and  limits  productivity  and  the  number  of  animal 
species  utilizing  the  wetland.  Excessive  submergent 
aquatic  growth  in  otherwise  open-water  areas  inter- 
feres with  fishing  and  pleasure  boating.  Perhaps  more 
importantly,  during  the  winter,  decomposition  of  these 
plants  can  deplete  the  oxygen  content  of  the  water 
under  the  ice  causing  high  winter  mortality  of  fish  and 
other  organisms  that  are  dependent  on  dissolved  oxy- 
gen. 


4,6.1.1  Niagara  River 


Very  litUe  research  work  has  been  done  on  the 
Niagara  River  aquatic  plant  community.  Excessive 
weed  growth  to  the  point  where  it  would  be  considered 
a  nuisance,  is  not  common  on  this  waterway.  Exami- 
nation of  1989  aerial  photographs  of  the  river  indi- 
cated limited  areas  along  the  shore  and  around  islands 
as  potentially  suitable  for  vascular  plant  growth.  In 
the  Ontario  waters  of  the  Niagara  River  there  are 
perhaps  fifty  to  fifty-five  hectares  available  in  areas 
protected  from  the  severe  current  and  shallow  enough 
for  plant  growth.  Much  of  this  area  may,  however,  be 
bedrock  suitable  only  for  filamentous  algae. 


Aquatic  vegetation  is  generally  associated  with 
wetlands,  few  of  which  exist  on  the  Niagara  River. 
Navy  Island  has  a  wetland  area  of  25.8  hectares,  of 
which  69  percent  are  marshes  bordering  the  river  at 
the  northern  and  southern  tips.  The  remaining  31 
percent  is  swamp  to  the  upland  side  of  the  northern 
marsh,  running  back  into  the  interior  of  the  island. 


The  Navy  Island  marsh  species  in  order  of  domi- 
nance, include  grass  species,  sedge,  cattail  species, 
purple  loosesuife,  water  milfoil,  coontail,  and 
pondweed. 


4.6.1.2  Welland  River 

The  Chippawa  Creek  poruon  of  the  Welland 
River  drainage  basin  is  slightly  more  hospitable  to  the 
production  of  aquatic  macrophytes  than  the  Niagara 
River  proper,  with  some  growth  occurring  along  its 
banks  and  in  backwater  areas.  The  Welland  River 
itself,  west  of  the  Power  Canal  is  a  slow-moving 
waterbody.  This  low  velocity,  combined  with  an  area 
of  deep  sediments  provides  a  habitat  that  is  much  more 
amenable  to  plant  growth.  There  is  a  well-established 
plant  community  along  both  banks  of  the  Welland 
River,  even  through  the  urban  area  of  Welland.  Sus- 
pended solids  concentrations  in  the  Welland  River 
tend  to  restrict  light  penetration  and  consequently  the 
growth  of  weeds  in  mid-channel;  however,  zebra  mus- 
sels have  recenUy  entered  the  lower  Welland  via  the 
diversions  at  the  Welland  Canals  and  it  has  not  yet 
been  determined  whether  these  organisms  will  have 
an  effect  on  light  penetration  and  macrophyte  growth. 

The  total  wetland  area  along  the  Welland  River 
(excluding  that  on  tributaries)  is  206.6  hectares.  Of 
this,  191.6  hectares  is  marsh  and  only  15  hectares  is 
swamp.  Swamp  areas  are  mainly  restricted  to  the 
upper  reaches  of  the  river  with  1 3.6  of  the  1 5  hectares 
found  between  AttercUffe  and  Binbrook. 

Plant  species  diversity  of  both  the  marshes  and 
swamps  increases  along  the  Welland  River  from  mouth 
to  source,  as  the  river  depths  become  more  suitable  for 
plant  growth.  Between  the  Niagara  River  and  the  old 
Welland  Canal  in  Welland,  19  plant  species  contrib- 
ute significantly  to  the  marsh  communities  in  either  a 
dominant  or  sub-dominant  role.  Other  species  are  not 
present  in  significant  numbers.  Between  the  old 
Welland  Canal  and  AttercUffe  the  number  of  signifi- 
cant marsh  species  increased  to  22;  from  Auercliffe  to 
Binbrook  the  number  increased  to  40.  Table  4.33  lists 
the  marsh  and  swamp  plant  species  in  order  of  domi- 
nance. 

Although  the  physiography  of  the  Welland  River 
west  from  the  power  canal  lends  itself  to  macrophyte 
growth,  that  growth  appears  to  be  abundant  but  not 
excessive.  This  may  be  due,  in  part,  to  reduced  water 
clarity  in  the  lower  portions,  which  reduces  the  pro- 
ductive zone  in  the  river. 
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TABLE  4.33 


Estimated  Order  of  Dominance  of  Plant  Species  in  the  Wetlands  of  the 
Welland  River  Basin 

I.  Marshes    (191.6  Ha.) 

# 

Species 

# 

Species 

# 

Species 

1 

2 

Cattail 

18 

Purple  Loosestrife 

35 

Water  Starwort 

Arrowhead 

19 

Sw.  Rose 

36 

WUd  Grape 

3 

Grass  sp. 

20 

White  Elm 

37 

Ferns 

4 

Burreed 

21 

Buttonbush 

38 

Nightshade 

5 

Coontail 

22 

Water  Milfoil 

39 

Black  Walnut 

6 

WUlow  (low) 

23 

Arrow  Arum 

40 

C.  Scullcap 

7 

Yellow  Waterlily 

24 

Blue  Flag 

41 

Sw.  Cinquefoil 

8 

White  Waterlily 

25 

Jewelweed 

42 

Wild  Celery 

9 

Sedge 

26 

White  Ash 

43 

Bindweed 

10 

Bulrush 

27 

Willow  (tree) 

44 

Black  Ash 

11 

Dogwood 

28 

Giant  Reedgrass 

45 

Hawthorn 

12 
13 

Sw.  Milkweed 

29 

Manitoba  M^^le 

46 

Highbush  Blueberry 

Spatterdock 

30 

Sw.  White  Oak 

47 

Red  Ash 

14 

Willow  (taU) 

31 

Winterberry 

48 

Red  Maple 

15 

Pickerelweed 

32 

Red  Oak 

49 

Shagbark  Hickory 

16 

Potomogeton 

33 

Horsetail 

17 

Smartweed 

34 

Nettle 

n.  Swamp  (15.0  Ha.)                                                                                                  | 

# 

Species 

# 

Species 

# 

Species 

1 
2 

WiUow  (low) 

11 

Dogwood 

21 

Southern  Airowwood 

Willow  (tree) 

12 

Red  Maple 

22 

Sw.  Rose 

3 

Willow  (tall) 

13 

White  Ash 

23 

Burreed 

4 

Oass  sp. 

14 

Beggar's  Tick 

24 

Red  Elderberry 

5 

Buttonbush 

15 

CattaU 

25 

Red  Ehn 

6 

Black  Ash 

16 

Jewelweed 

26 

Arrowhead 

7 

Wmterberry 

17 

Ferns 

27 

Sw.  Milkweed 

8 

Sedge 

18 

White  Ehn 

28 

Manitoba  Maple 

9 

Highbush  Blueberry 

19 

Coontail 

29 

Nettle 

10 

Sw.  White  Oak 

20 

Shagbark  Hickory 

30 

Nightshade 

NOTE: 

This  is  not  a  comprehensive  listing  of  all  plant  species  within  the  wetlands  but  is  a  listing  of  the 
dominant  and  more  frequent  subdominant  plant  species. 
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4.6.2  Algal  Growth 


Documeniaiion  of  algal  growth  in  the  Niagara 
River  appears  to  be  very  limited.  Virtually  all  of  the 
information  available  is  qualitative  in  nature,  as  no 
formal  algal  population  studies  have  been  done  for  the 
river  itself.  Literature  on  the  eastern  basin  of  Lake 
Erie  and  the  western  section  of  Lake  Ontario  is  more 
extensive,  and  some  of  that  information  is  presented  in 
an  attempt  to  draw  inferences  to  conditions  in  the 
Niagara  River. 


4.6.2.1  Eutrophication 


Eutrophication  is  defined  as  the  process  of  ferti- 
lization ihat  causes  high  productivity  and  biomass  in 
an  aquatic  ecosystem"'.  Eutrophication  can  be  a 
natural  process  or  it  can  be  a  cultural  process  acceler- 
ated by  increased  nuuient  loadings  from  human  activ- 
ity. Advanced  or  accelerated  eutrophication  is  char- 
acterized by  an  increasing  abundance  of  algae  and 
other  aquatic  plants  lo  nuisance  levels,  increased  tur- 
bidity and  chlorophyll  levels,  oxygen  depletion  of 
waters  at  depth  and  undesirable  shifts  in  fish  commu- 
nity structure  and  total  production'*'.  The  variables 
that  determine  the  biological  productivity  of  a  body  of 
water  are:  substrate,  temperature,  light,  depth,  volume 
and  the  amount  of  nutrients  received  from  the  environ- 
ment. 


Lake  Erie  was  the  first  of  the  Great  Lakes  to 
demonstrate  a  serious  eutrophication  problem  because 
it  is  the  shallowest,  warmest  and  most  naturally  pro- 
ductive'*'. As  of  1987,  Lake  Erie  also  received  more 
effluent  from  sewage  treatment  plants  than  any  of  the 
other  Great  Lakes,  since  about  one-third  of  the  total 
Great  Lakes  population  lived  within  the  drainage  area 
of  this  lake'*\  In  the  1950's,  massive  algal  blooms, 
increased  turbidity,  and  depletion  of  oxygen  (indica- 
tive of  eutrophication)  began  lo  occur  as  a  result  of 
unabated  loadings  of  nutrients.  Cladophora,  a 
filamentous  blue-green  algae  which  thrives  under 
cutrophic  conditions,  became  the  dominant  nearshore 


algae  and  covered  beaches  in  green  slimy  masses"". 
Government  actions  in  the  1970's  resulted  in  major 
reductions  of  nutrient  discharges  to  the  Great  Lakes. 
The  results  were  visible,  most  notably  in  Lake  Erie. 
Nuisance  conditions  occurred  less  frequently,  dis- 
solved oxygen  levels  improved  and  algal  mats  disap- 
peared as  nutrient  levels  declined. 


The  following  represent  evidence  of  improve- 
ments in  water  quality  problems  associated  with 
eutrophication  in  Lakes  Erie  and  Ontario'*^: 


reductions  in  blue-green  algal  biomass  in 
Lake  Erie  between  the  mid-1960's  and  late 
1970's; 

reductions  in  total  phytoplankton  biomass 
and  a  shift  in  phytoplankton  composition  to- 
ward more  oligotrophic  species  in  Lake  Erie 
between  1970  and  1980; 

reductions  in  the  amount  of  algae  washed  up 
on  bathing  beaches  on  Lake  Erie  between  the 
mid-1960's  and  late  1970's; 

a  decreasing  chlorophyll  trend  in  the  eastern 
basin  of  Lake  Erie  between  1968  and  1980; 
and 

a  shift  in  the  Lake  Ontario  phytoplankton 
community  structure  and  composition  toward 
more  species  indicauve  of  meso-  and 
oligotrophic  conditions  between  the  late 
1960's  and  late  1970's. 


Although  evidence  exists  to  support  the  claim 
that  the  trophic  status  of  all  the  Great  Lakes  is  improv- 
ing toward  more  oligotrophic  characteristics,  no  re- 
search is  available  to  confirm  if  this  is  also  the  case  in 
the  Niagara  River.  Only  inferences  can  be  made  based 
on  other  factors. 


Traditionally,  measurements  of  phosphorous  and 
chlorophyll  a  have  been  analyzed  over  time  to  deter- 
mine the  trend  in  the  trophic  status  of  the  Great  Lakes. 
If  levels  of  either  of  these  decreased,  then  the  algae 
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population  correspondingly  decreased  and  the  trophic 
status  of  the  lake  improved.  This  situation  was  ob- 
served in  all  of  the  Great  Lakes  during  the  1970's. 


The  most  comprehensive  data  which  may  shed 
light  on  the  trophic  status  of  the  Niagara  River  is  also 
phosphorous  level  trends'".  A  study  by  Environment 
Canada'**  in  the  mid-1970's  indicated  that  phosphate 
levels  increased  with  passage  though  the  Niagara 
River  (indicating  the  presence  of  active  input  sources). 
A  mean  level  of  16  ug/L  (total  phosphorus  as  P)  at  the 
eastern  end  of  Lake  Erie  was  found,  whereas  the  water 
leaving  the  Niagara  River  averaged  20  ug/L  phospho- 
rous'**. However,  these  levels,  as  well  as  levels  in 
Twelve  Mile  Creek,  the  Welland  Canal,  and  the 
Chippawa  Power  Canal  were  all  better  than  the  phos- 
phorous objective  level  of  20  ug/L  (0.020  ppm)  during 
1976  to  1978.  Trend  analysis'*'  indicates  that  year  to 
year  concentrations  of  phosphorous  in  the  Niagara 
River  decreased  significantly  overall,  at  the  rate  of 
approximately  1  ug/L  per  year  over  the  period  1967  to 
1981.  This  resulted  in  associated  loading  decreases 
from  about  8,100  tonnes  in  1968  lo  3,400  tonnes  in 
1981'*'. 


This,  then,  would  tend  to  indicate  that  the  Nia- 
gara River,  like  the  Great  Lakes  during  this  time 
period,  enjoyed  a  period  of  trophic  improvement. 
Caution  must  be  exercised  with  this  conclusion  though; 
more  recent  studies  indicate  that  phosphorous  is  only 
the  algal  growth  determinant  for  low-level  concentra- 
tions, and  at  higher  concentrations  of  phosphorous, 
growth  is  not  most  affected  by  this  nutrient 


Nitrate  and  nitrite  concentrations,  in  contrast, 
exhibited  a  significant  increase  over  the  same  time 
period,  increasing  at  the  rate  of  approximately  13  ug/ 
L  per  annum'*'.  Reasons  for  this  are  speculative; 
however,  the  increases  appear  to  be  a  consistent  obser- 
vation for  all  the  Great  Lakes  (except  Lake  Michigan). 
The  Great  Lakes  Water  Quality  Board  (GLWQB) 
highlighted  its  concern  about  this  trend  in  its  1985 
report'*'. 


In  the  Niagara  Peninsula,  only  the  WcUand  River 
experienced  levels  that  exceeded  objectives  for  phos- 
phorus and  nitrates.  The  surface  waters  of  Lake 
Ontario  contained  about  one-third  more  of  phosphorus 
and  nitrates  than  the  waters  of  Eastern  Lake  Erie'**. 


Some  data  and  trend  information  on  algal 
populations  exist  in  Lakes  Erie  and  Ontario  that  might 
indicate  trends  in  the  Niagara  River. 


Chrysophycean  algae  are  common  to  some  Great 
Lakes  locations  and  frequently  dominate  the  algal 
populations  in  the  late  spring  and  early  fall.  Increases 
in  this  group  as  a  percentage  of  the  total  biomass  have 
been  shown  to  reflect  decreases  in  phosphorous  con- 
centrations'**. With  high  biomass  levels  of  diatoms  in 
the  spring,  silica  concentrations  can  become  a  limiting 
factor,  thus  leaving  room  for  more  eutrophic  green 
and  blue-green  forms  to  develop  later  in  the  season'**. 
Diatom  populations  can  be  lost  from  the  water  quite 
rapidly  by  sedimentation  but  some  of  the  blue-greens 
are  transported  great  distances'**.  For  this  reason, 
populations  of  green  and  blue-green  algae  are  more 
noticeable  in  late  summer  and  early  fall  when  silica 
levels  are  at  a  minimum. 


The  community  structure  in  Lake  Erie  on  an 
annual  basis  appears  lo  be  changing  to  one  with  lower 
relative  importance  of  diatoms  and  Chryptophyceae 
(because  of  their  absolute  declines)  to  one  with  greens 
and  blue-greens  as  more  obvious  components.  Trends 
in  Lake  Ontario  appear  to  follow  this  shift  also'*'. 


One  criterion  that  is  agreed  upon  by  various 
scientists  to  determine  the  trophic  status  of  a  body  of 
water  utilizes  open  water  concentrations  of  chloro- 
phyll a  to  assess  the  degree  of  algal  growth  in  a  body  of 
water'**.  This  method  may  be  useful  if  extensive 
sampling  for  chlorophyll  a  is  ever  conducted  on  the 
Niagara  River.  Once  again,  the  numerical  values  are 
not  universally  agreed  upon,  and  in  that  sense  are 
arbitrary. 
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eutrophic  waters     :  chlorophyll  a  >  8.8  ug/L 
mesotrophic  waters  :  chlorophyll  a  4.4-8.8  ug/L 
oligoirophic  waters ;  chlorophyll  a  <  4.4  ugA- 


Some  information  is  available  regarding  chloro- 
phyll a  levels  in  Lakes  Erie  and  Ontario.  Although 
trends  from  the  data  sources  are  not  altogether  clear, 
the  offshore  waters  (depth  >  50  m)  of  both  Lake 
Ontario  and  the  eastern  basin  of  Lake  Erie  were 
considered  mesotrophic  in  1981,  according  to  the 
above  criteria'*'.  A  linear  regression  on  the  chloro- 
phyll a  concentrations  in  nearshore  Lake  Ontario  from 
Ajax  to  Niagara-on-the-Lake  indicates  that  there  is 
virtually  no  change  in  levels  for  1967-1979,  and  the 
concentration  is  roughly  4-4.5  ug/L;  indicating  no 
eutrophic  problems'**.  One  source'*'  argues  that  the 
large  range  of  values  for  chlorophyll  a  profiles  and 
large  spatial  variability  imply  that  year-to-year 
changes  and  long-term  trends  of  the  phytoplankion 
abundance  in  Lake  Ontario  are  difficult  to  discern. 


In  Lake  Erie,  chlorophyll  a  levels  in  the  eastern 
basin  have  shown  only  a  slight  decline  from  1971  to 
1978'".  The  eastern  basin  of  Lake  Erie  indicates  a 
bimodal  seasonal  change  in  chlorophyll  concentra- 
tion, with  the  highest  concentrations  occurring  during 
the  spring  and  in  the  early  fall;  the  lowest  concentra- 
tions are  in  the  summer*^.  Levels  seem  to  be  contained 
in  the  3  to  6  ug/L  range.  Seastxially  normalized  yearly 
average  data  from  1968,  1970.  1972  and  1980  (5.37, 
5.23,  3.67  and  2.85  ug/L  respectively)  were  regressed 
to  yield  a  highly  significant  (p<0.01)  decrease  in 
chlorophyll  a  in  the  eastern  basin*'. 


The  following  equation  (normalized  for  sea- 
sonal and  spatial  effects)  is  thought  to  relate  the 
concentration  of  chlorophyll  a  to  that  of  phosphorous: 

[chl  a]  (ug/L)  =  1 .6  +  0.206  [total  phosphorous]  (ug/L) 


If  this  is  the  case,  then  the  past  and  present 
phosphorous  levels  imply  a  mesotrophic  status  in  the 
Niagara  River. 


4.6.2.2  The  Niagara  River  System 


There  is  a  lack  of  research  for  the  Niagara  River 
proper  on  lower  trophic  levels  such  as  phytoplankion. 
particularly  nannoplankton,  which  are  quite  abundant 
in  the  Great  Lakes  system"'. 


A  map  apparently  derived  from  a  1978  Iniema- 
tional  Joint  Commission  publication  indicates  that  the 
upper  Niagara  River  is  considered  eutrophic.  and  the 
lower  Niagara  is  meso/eutrophic'*'.  However,  this 
representation  must  be  considered  qualitative  at  best. 
No  source  reference  is  available  for  the  map.  and  the 
river  itself  may  just  have  been  extrapolated  inwards 
from  the  nearshore  conditions  of  Lakes  Erie  and  On- 
tario. 


On  the  other  hand,  in  1980,  the  Water  Quality 
Board  of  the  UC,  in  its  analysis  of  areas  of  concern, 
identified  the  Niagara  River  as  a  Class  A  Area  of 
Concern,  but  only  with  respect  to  contamination  of  the 
water,  sediments  and/or  biota  by  organic  and/or  inor- 
ganic substances  (excluding  phosphorous).  It  was  not 
seen  as  having  eutrophication/phosphorous  enrich- 
ment problems'". 


A  1985  UC  assessment  supports  this  claim.  In 
addressing  areas  of  concern,  problems  and  sources  for 
the  Great  Lakes  Basin,  the  UC  indicated  that  the 
Niagara  River  suffered  ftt)m  problems  with  conven- 
tional pollution,  heavy  metals  and  toxic  organics, 
contaminated  sediments,  biological  impacts  and  re- 
quired fish  advisories,  but  not  from  eulrophicauon'*'. 
All  of  these  assessments  were  based  only  upon  quali- 
tative results  so  their  value  is  limited. 


One  study  on  phytoplankton'"  compared 
biomass  and  taxonomic  composition  by  algae  group 
for  test  assemblages  taken  from  the  mouth  of  the 
Niagara  River  and  mid-Lake  Ontario  in  1983.  The 
phytoplankion  biomass  at  the  mouth  of  the  Niagara 
River  was  0.73  g/m'  as  opposed  to  0.83  g/m'  in  Lake 
Ontario. 
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Diatoms  (32%),  green  algae  (29%),  and 
Chrysomonads  (19%)  were  ihe  dominant  groups  at  the 
mouth  of  the  Niagara.  As  far  as  size  is  concerned,  the 
5-20  um  fraction  (19  species)  was  the  dominant  size 
and  was  a  mixed  assemblage  of  green  algae,  diatoms, 
cryptomonads  and  dinoflagellates.  Cvcloiella 
Eiomerata  (Bachm.)  (24%),  Chrvsochromulina  narva 
(Lackey)  (16%)  and  Gvmnodinium  varians  (Maskell) 
(4%)  were  the  dominant  species  in  this  size"'. 


The  u-algae  (<5  um)  consisted  of  only  six  spe- 
cies belonging  to  blue-green  algae,  green  algae, 
chrysomonads,  and  diatoms,  although  the  green  alga 
Chlorella  vul^ari';  (Beyer)  was  virtually  the  exclusive 
contributor. 


The  remaining  size  fraction  (>20  um)  consisted 
of  14  species  belonging  to  blue-green  algae,  green 
algae,  diatoms,  cryptomonads  and  dinoflagellates. 
Qscillatoria  limnetJca  (Lemm.)  (4%),  Gvmnodinium 
sp  (3%)  and  Crvotomonas  ern5:a  (Ehr.)  (3%)  were 
most  common'". 


When  compared  to  the  mid-Lake  Ontario 
bioassays,  the  following  was  found.  In  the  u-algae 
size,  there  were  also  6  species,  although  one  species 
differed.  Again  Chlorella  vulgaris  (Beyer)  dominated 
the  class  on  a  percentage  basis,  but  was  4.5%  less 
abundant  overall.  The  5-20  um  class  contained  21 
species,  and  was  dominated  by  Gvmnodinium  varians 
(Maskell)  with  10%,  Chrvsochromulina  narva 
(Lackey)  (9%).  and  Cvclotella  elnmerata  (Bachm.) 
(6%).  The  differences  between  sites  may  be  the  most 
significant  in  this  size  class.  In  the  largest  size  class, 
18  species  were  found,  with  Melosira  erantihi.n  (Ehr.) 
Ralfs  the  most  abundant  (9%),  followed  by  Qscillatoria 
iimnetica  (Lemm.)  (3%).  and  Crvtitomonas  erosa 
(Ehr.)  (3%)'". 


Overall,  the  diversity  of  species  is  reasonably 
consistent  between  the  two  locations  and  the  only 
differences  lies  in  which  species  are  most  predomi- 
nant. Table  4.34  summarizes  the  taxonomy  and  size 
distribution  results  from  the  two  stations  at  which 
sampling  occmred. 


4.6.2.3  Niagara  IVibutaries 


Scant  information  exists  for  the  Welland  River 
and  Lyons  Creek.  The  samples,  from  which  some  of 
the  information  is  derived,  were  collected  in  1964. 


The  upper  Welland  River  was  characterized  by 
an  abundance  of  emergent  aquatic  plants,  and  a  lim- 
ited development  of  submergent  aquatic  vegetation. 
The  filamentous  algae,  Cladaphora,  was  common  in 
an  isolated  area  directly  downstream  of  the  Cyanamid 
plant'".  Filamentous  algae  were  observed  growing 
throughout  the  pondweeds  and  beyond  them  to  a  depth 
of  about  six  feet. 


Thirty-one  genera  of  planktonic  algae  were  ob- 
served in  samples  collected  in  July  of  1964.  Green 
algae  predominated  with  18  genera,  while  blue-green 
and  diatoms  were  represented  by  four  and  six  genera 
respectively'".  Populations  of  planktonic  algae  were 
low  throughout  the  Welland  River  except  below  Cy- 
anamid's  Welland  plant,  where  a  large  number  of 
genera  made  up  a  very  dense  population.  A  reduction 
in  the  number  of  genera  and  standing  crop  of  algae 
was  evident  between  Welland  and  the  Cyanamid  plant. 
All  of  the  common  genera  taken  below  Welland  were 
known  to  be  tolerant  to  pollution'".  Several  genera, 
possibly  intolerant  to  pollution,  that  were  noticeable 
above  Welland  were  absent  below  the  city.  At  Port 
Robinson,  a  greater  variety  of  algae  indicated  some 
improvement  A  total  of  24  genera  of  algae  was 
esiabhshed  for  samples  taken  below  the  Cyanamid 
plant'**.  Several  forms  not  noted  for  tolerance  to 
pollution  were  abundant.  Apparently,  the  levels  of 
ammonia  did  not  impede  the  development  of  a  varied 
and  abundant  population,  and  in  fact,  together  with  the 
levels  of  phosphorous,  appeared  to  have  promoted 
algae  growth'". 


In  Lyons  Creek,  high  phosphorous  levels  were 
noted  throughout  the  survey.  A  moderate  amount  of 
submerged  vegetation  was  present  at  one  sampling 
station  in  association  with  the  algae'". 
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TABLE  4.34 


Algal  Taxonomy  and  Size  Distribution  in  the  Niagara  River  and  Lake 
Ontario 

Site  Units 

Niagara  River 

I^ke  Ontario 
(mid-lake) 

Biomass 

g/m*3 

0.73 

0.83 

Species  Composition 

1 

Cyanophyta 

% 

5.2 

5.3 

Chlorophyta 

% 

28.8 

31.4 

Chrysophyccae 

% 

18.6 

10.7 

Diatomeae 

% 

31.8 

29.0 

Cryptophyceae 

% 

8.0 

9.2 

Dinophyceae 

% 

7.7 

14.5 

Size  Distribution 

<5uin 
<20um 
>20um 

% 
% 
% 

22.7 
60.7 
16.6 

20 
55 

25 

In  more  recent  studies  of  the  Welland  River  done 
in  1978  and  1980^,amore  detailed  accountof  the  algal 
growths  was  documented. 


Severe  reductions  of  periphyton  diversity  were 
found  immediately  below  the  Cyanamid  outfalls  with 
distinct  recovery  zones  in  the  downstream  part  Not- 
mal  periphyton  density  and  diversity  occurred  at  sites 
approximately  1.6  km  below  the  outfall". 


The  nature  of  the  attached  algal  communities  at 
each  of  the  eight  stations  differed.  Species  diversity 
dropped  in  the  primiary  recovery  zones  and  improved 
with  distance  downstream.  However,  the  overall  algal 
biomass  was  greatest  in  the  primary  recovery  zones 
(closest  to  discharge  source).  This  is  a  result  of  the 
abundance  of  the  filamentous  blue-greens",  which 
commonly  thrive  in  polluted  waters. 


Species  composition  and  relative  abundances  of 
the  various  groups  and  species  of  algae  also  varied 
between  stations.  In  primary  recovery  zones,  the  algal 
community  was  dominated  (in  terms  of  numbers  of 
individuals)  by  the  blue-greens,  particularly 
Oscillatoria  and  Lvngbva.  Phormidium.  however,  was 
less  abundant  in  these  zones  than  in  others.  Green 
algae,  especially  Oedoeonium.  became  increasingly 
more  abundant  (in  terms  of  both  number  of  individu- 
als and  species)  in  the  secondary  and  tertiary  recovery 
zones".  This  may  be  expected  since  filamentous  blue- 
greens  are  least  sensitive  to  pollution,  while 
filamentous  greens  appear  most  sensitive.  Blue-greens 
were,  however,  the  most  abundant  class  in  all  zones". 
No  trend  in  diatom  abundance  with  respect  to  distance 
from  discharge  could  be  determined. 

The  periphyton  community  showed  alteration  in 
response  to  waste  discharges.  Species  richness  and 
diversity  were  lowest  immediately  downstream  of  the 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4  -  64) 


discharges  and  increased  wiih  distance  downstream. 
Species  composition  also  showed  variation  correspond- 
ing to  waste  discharges.  Blue-green  algae  were  the 
dominant  forms  at  all  stations,  especially  at  those  near- 
est waste  discharges".  Filamentous  green  algae  dis- 
played the  opposite  trend,  becoming  more  common 
with  distance  downstream  below  discharges.  Diatoms 
displayed  no  common  trend  in  response  to  waste  dis- 
charges. Replacement  of  Nitzschia  dissmata  by 
Nitzschia  palea  occurred  immediately  downstream  of 
Thompson's  Creek,  but  not  at  the  other  discharge  site". 


Sampling  at  the  Binbrook  Reservoir  by  the  Nia- 
gara Peninsula  Conservation  Authority  (NPCA)  during 
1988  supports  the  contention  that  algal  blooms  are 
localized  and  seasonal  in  nature.  Blue-green  blooms 
are  typically  most  prevalent  in  September/October.  A 
variety  of  algae  species  exist  in  this  reservoir,  and  there 
are  definite  spatial  variations.  Blue-greens  appear  to 
be  the  most  dominant  type  of  algae  in  this  reservoir, 
and  depending  on  location,  Oscillatoria.  Nitzschia. 
CoclosDhaerium.  or  Spiroevra  are  the  dominant  spe- 
cies. Cyanophyceae,  Dinophyceae.  Chrysophyceae. 
Chlorophyceae,  and  Bacillariophyceae  are  all  repre- 
sented. 


In  summary,  the  phosphorous  control  efforts  ap- 
pear to  have  arrested  the  water  quality  degradation 
which  had  created  eutrophication  problems  in  the  Great 
Lakes  earlier  this  century,  but  have  not  yet  achieved  the 
desired  water  quality  conditions  described  in  the  1978 
AgreemenL  Nuisance  algal  blooms  and  associated 
turbidity  appear  under  control  and  only  occur  in  iso- 
lated instances  and  areas. 


Insofar  as  algal  blooms  are  concerned  in  the 
Niagara  River  Area  of  Concern,  their  incidence  seems 
to  have  decreased,  as  it  has  in  other  Great  Lakes 
regions,  and  their  occurrence  is  localized  and  follows 
seasonal  trends.  There  is  no  evidence  to  suggest  that 
algal  blooms  occur  as  a  result  of  human  intervention 
on  any  large  scale  or  frequent  basis. 


4.6.3  Foam 


The  cascade  of  water  over  the  Horseshoe  Falls, 
an  average  of  about  1,200  to  2.500  tonnes  per  second, 
hits  the  pool  below  at  a  speed  of  about  10  meues  per 
second  over  a  crest  length  of  some  760  metres.  The 
impact  of  this  water  results  in  the  creation  of  foam  in 
the  Mai d-of-the- Mist  Pool.  This  foam  is  natural  in 
origin  and  composed  primarily  of  plant  decay  prod- 
ucts such  as  lignins,  tannins  and  hpids.  It  is  created  by 
intense  and  continuous  gas  (air)  injection  as  the  water 
plunges  into  the  pool  of  water  below  the  falls.  The  air 
injected  into  the  water  provides  a  bubble  surface 
attracting  dissolved  and  paniculate  materials  which 
are  adsorbed  onto  a  bubble's  surface  and  concentrate 
as  the  bubble  rises.  This  aeration  is  often  cited  as  a 
mechanism  for  concentration  (bubble  scavenging)  of 
organic  and  inorganic  substances  in  the  water  column. 
Normally  acceptable  levels  of  both  organic  and  inor- 
ganic compounds  may  be  concentrated  by  this  process 
into  material  with  significantiy  higher  levels  of  con- 
taminants. 


Upon  surfacing,  materials  are  incorporated  into 
surface  films  and  foams  on  natural  waters.  These 
films  and  foams  themselves  are  especially  subject  to 
concentration  of  materials  transported  by  air  bubbles 
to  the  surface  and  are  regions  in  which  organisms  can 
experience  accelerated  rates  of  accumulation  of  sur- 
face-active toxic  materials".  This  increase  in  expo- 
sure of  organisms  to  elevated  levels  of  toxins  at  the 
interface  is  of  particular  concern  because  the  surface 
microlayer  on  natural  waters  is  an  especially  rich 
biological  microcosm'"  (Table  4.35). 


These  rising  bubbles,  as  a  dispersed  gas  phase, 
also  provide  an  enhanced  rate  of  gas  transfer  for  those 
substances  affected  by  differences  in  partial  pressures 
in  the  atmosphere  and  near-surface  waters.  This 
transfer  of  substances  via  the  gas  phase  is  important  in 
increasing  the  oxygen  concentration  in  the  water  and 
in  stripping  volatile  compounds  from  the  water  phase. 
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TABLE  4.35 


Percent  of  filter  area  occluded  by  particles  and  concentrations  of 
particle-associated  bacteria  bulk  water  samples  taken  above  and  below 
Niagara  Falls. 

Location 

Filter 

Area  of  Filter 

Occluded  by 

Particles 

Concentration 
of  Bacteria 

Above  Falls 
(bulk  water) 

2  um  (Nuclepore) 

16% 

3.7xl4E4/mL 

Below  Canadian  Falls 
(bulk  water) 

2  um  (Nuclepore) 

74% 

7.4xl4E4/mL 

Most  of  the  foam  is  short-lived  in  the  Maid-of- 
Ihe-Mist  Pool ,  dispersing  in  the  pool  or  being  dissolved 
by  the  river's  action  in  the  Whirlpool  Rapids.  This 
dissolution,  as  well  as  the  breaking  of  bubbles  whwi 
they  originally  surface,  can  aggregate  the  adsorbed 
materials  (surface  coagulation).  This  process  can  con- 
vert dissolved  and  colloidal  material  into  particulate 
form.  This  material  can  contain  highly  concentrated 
materials  such  as  surface  active  toxins.  This  activity 
can  increase  the  sedimentation  rate  of  these  particular 
materials  and  make  them  more  readily  available  fw 
ingestion  by  organisms". 


The  process  of  fractionation  of  chemicals  by 
bubble  injection  caused  by  the  falls  at  Niagara  was 
studied  in  1985  by  a  group  of  researchers  from 
Dalhousie  University'".  On  July  23  and  24  of  1985, 
samples  of  water  were  collected  firom  locations  above 
and  below  the  falls  along  with  foam  samples  from  the 
Maid-of -the- Mist  Pool.  This  study  was  undertaken  to 
determine  the  types  of  substances  that  might  be  in- 
volved in  these  surface-active  adsorption  processes. 
The  most  significant  result  of  bubble  injection  below 
Niagara  Falls  was  determined  to  be  the  very  high 
enrichment  of  particulate  materials  in  the  foam'". 
This  is  believed  to  be  caused  by  the  physical  "scour- 
ing" of  larger  colloidal  and  particulate  materials  as  the 
bubbles  rise  through  the  water  column.  This  collec- 
tion of  particulates,  particularly  fine  suspended  clay 
particles,  produces  a  light  tan  colouration  to  the  foam. 


In  addition  to  particulate  matter,  concentrations 
of  copper,  cadmium,  zinc  and  classes  of  lipids  were 
measured  in  the  water  and  the  foam.  No  assessment 
was  made  of  priority  pollutant  chemicals  with  the 
exception  of  the  three  trace  metals. 


The  concentrations  of  the  substances  measured 
in  bulk  water  changed  typically  by  less  than  a  factor  of 
2.  In  fact,  for  the  three  trace  metals,  copper  concentra- 
tions showed  little  change  and  zinc  concentrations 
could  not  be  measured,  while  cadmium  concentra- 
tions increased  by  about  1.5  (Table  4.36).  However, 
as  can  be  expected  from  this  natural  phenomenon,  the 
foam  showed  much  higho-  concentration  of  surface- 
active  substances.  Trace  metal  concentrations  in  the 
foam  were  concentrated  by  a  factor  of  289  for  copper, 
19  for  cadmium  and  78  for  zinc. 


Lipid  class  concentrations  showed  significant 
change  after  passage  over  the  falls  (Table  4.37).  The 
concentration  in  water  of  some  classes  (hydrocarbons 
and  ketone)  decreased  while  others  (triglycerides  and 
phospholipids)  showed  an  increase.  All  lipids  are  or 
may  be  natural  in  origin,  related  to  zooplankton,  chlo- 
rophyll and  cell  membrane  components.  Concentra- 
tions of  lipids  in  the  foam  were  highly  enriched  from 
15  to  370  times  those  concentrations  in  the  bulk  water; 
however,  the  ratios  of  lipid  classes  were  much  differ- 
ent than  those  in  water.  Major  foam  contributors  were 
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TABLE  4.36 


Trace  metal  concentrations  for  bulk  water  (30  cm)  from  above  and  below 
the  falls  and  for  foam  below  the  falls.  Results  for  below  refer  to  the 
Canadian  (Horseshoe)  Falls  unless  otherwise  stipulated. 

Location 

Sample 
Type 

Sample 
Fraction 

Concentration 
(ng/ml) 

Cu 

Cd 

Zn 

above  falls 

b 
b 

d(0.4  urn) 
p{12  urn) 

0.95 
0.05 

0 
0 

0.59 

below  falls 

b 

d(0.4  um) 

0.85 

0 

5.1 

b 

p{12um) 

0.102 

0 

0.91 

b 

p(2um) 

0.119 

0 

1.4 

f 

d(0.4  um) 

130 

6 

242 

f 

t 

280 

9 

510 

below 
American  Falls 

f 

t 

123 

5 

189 

b=bulk  water,  f=foain,  t=total,  d=dissolved,  p^paniculate. 
Filter  pore  size  is  in  parenthesis. 

monoglycerides,  pigments  and  glycolipids,  all  derived 
from  natural  materials  such  as  chlorophyll  and  algal 
blooms. 


Foam  samples  from  below  the  American  Falls 
showed  slightly  less  trace  metals  and  similar  concen- 
trations of  lipids  to  the  foam  from  the  Horseshoe  Falls. 
Differences  in  concentrations  below  the  two  falls  is 
attributable  to  the  differences  in  physical  processes  at 
the  two  falls.  The  water  over  the  Horseshoe  falls  is 
much  greater  in  volume  and  plunges  directly  into  the 
Maid-of- the- Mist  Pool.  The  water  over  the  American 
Falls  (and  satellite  Bridal  Veil  Falls)  is  much  smaller  in 
volume  and  impacts  on  extensive  rock  talus  beneath 
the  falls  before  running  off  into  the  Maid-of- the-Mist 


Pool.  The  potential  for  bubble  scavenging  is  far  less 
from  the  American  Falls  as  the  depth  of  gas  injection  is 
less.  No  assessment  was  made  of  concentration  of 
organic  contaminants  of  man-made  origin. 

While  the  presence  of  foam  below  the  falls  is  the 
most  apparent  result  of  bubble  injection,  this  foam 
collapses  downstream  and  near-surface  enrichments 
are  erased  in  turbulent  mixing"*.  Thus,  any  contami- 
nants collected  by  the  foam  are  either  re-released  to  the 
water  column  or  volatiUze  to  the  atmosphere.  Little  of 
the  foam  remains  after  passing  through  the  Whirlpool 
and  Devil's  Hole  Rapids,  although  the  action  of  these 
rapids  may,  in  themselves,  promote  some  surface  ac- 
tive scavenging. 
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TABLE  4.37  (a) 


Lipid  classes  in  bulk  water  above  and  below  the  falls  and  fix)m  foam 

samples  below  the  falls.  Results  from  below  refer  to 

Canadian  falls  unless  otherwise  stipulated. 

b=bulk  water,  f=foam,  t=totaI,  d=dissolved,  p=particulate. 

All  filtrations  refer  to  GFC  filters. 

Location 

Sample 
Type 

Sample 
Fraction 

Class  (ug/L) 

HC 

WE 

ME 

KET 

TG 

FFA 

ALC 

ST 

DG 

AMPL 

PL 

above 
falls 

b 

P 

20 

1.3 

1.4 

4 

9.6 

1.9 

3.2 

1.2 

1.9 

9.2 

10 

b 

d 

50 

63 

- 

5.3 

43 

40 

15 

14 

21 

1.8 

below 
falh 

b 

P 

21 

0.9 

0.7 

0.5 

4.4 

3.8 

- 

1.1 

0.9 

9.1 

7.2 

b 

d 

39 

4.3 

- 

<2 

83 

66 

- 

4.5 

- 

34 

8.7 

f 

t 

14O0 

97 

130 

66 

1500 

1100 

220 

2100 

- 

4200 

960 

below 
America 

Falls 

f 

t 

1570 

100 

- 

320 

1150 

1500 

450 

2580 

- 

4800 

500 

HC           -  Hydrocarbons 

TG      -  Triglycerides 

DG                -  Diglycerides 

WE           -  Wax  esters 

FFA    -  Free  fatly  acids 

AMPL          -  Acetone  mobile  polar 
lipids 

ME           -  Methyl  esters 

ALC    -Alcohols 

Khl          -Ketones 

ST      -  Sterols 

PL               -  Phospholipids 

4.6.4  Climate 


The  southerly  location  of  the  Niagara  region 
within  the  Province  of  Ontario  causes  the  climate  to  be 
more  temperate  than  thai  in  other  areas.  This  area  has 
a  mean  annual  growing  season  of  215  days  and  a  frost- 
free  period  of  165  days.  Normal  daily  temperatures 
range  from  ~3°C  to  20''C;  annual  average  temperature 
is  8X.  Total  annual  precipitation  in  the  Niagara 
Peninsula  frequently  exceeds  900  mm.  The  amount  of 
snowfall  varies  across  the  peninsula,  with  lower  snow- 
fall in  the  northern  portion  and  higher  snowfall  in  the 
southern  portion  (caused  by  the  presence  of  Lake 
Erie).  The  proximity  of  both  Lake  Ontario  and  Lake 
Erie  tends  to  create  sudden  snowsquall  activity  through- 


out the  peninsula  and  atmospheric  condensation  on  the 
colder  landmass  is  a  frequent  occurrence.  Due  to  the 
southern  location  of  the  Niagara  Peninsula,  there  is  not 
a  great  deal  of  snowfall  accumulation;  snowmelt  oc- 
curs throughout  the  winter  period  and  provides  a  damp- 
ening of  the  traditional  spring  breakup  and  runoff  in 
area  creeks  and  streams. 


Prevailing  wind  direction  measured  at  Niagara 
Falls  OnL,  is  from  the  southwest  (more  than  of  the 
time).  Dominant  wind  direction  is  either  from  the 
southwest  or  from  the  west  for  each  month  of  the  year. 
Wind  speed  at  Niagara  Falls  averages  15.4  km/hr 
annually  and  is  about  4  km/hr  weaker  than  coiie- 
sponding  winds  measured  at  Buffalo. 
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TABLE  4.37  (b) 


Lipid  classes  in  bulk  water  above  and  below  the  falls  and  from  foam 

samples  below  the  falls.  b=bulk  water..  f=foam..  t=total..  d-dissolved 

p=particulate. 

All  filtrations  refer  to  GFC  filters. 

Sampling  Location 

above  Niagara 
FaUs 

below  Horseshoe 
Falls 

below  American 
Falls 

Sample  Type 

b 

b 

b 

b 

f 

f 

Sample  Fr^tion 

P 

d 

P 

d 

t 

t 

Class 

Concentration  (ug/1) 

Hydrcx;artx)ns 

20 

50 

21 

39 

1400 

1570 

Wax  esters 

1.3 

6.3 

05 

4.3 

97 

100 

Methyl  esters 

1.4 

- 

0.7 

- 

130 

-. 

Ketones 

4 

5.3 

0.5 

<2 

66 

320 

Triglycerides 

9.6 

43 

4.4 

83 

1500 

1150 

Free  fatty  acids 

1.9 

40 

3.8 

66 

1100 

1500 

Alcohols 

3.2 

- 

- 

220 

450 

Sterols 

1.2 

15 

I.I 

4.5 

2100 

2580 

Diglycerides 

1.9 

14 

05 

- 

- 

- 

Acetone  mobile  polar  lipids 

9.2 

21 

9.1 

34 

4200 

4800 

Phospholipids 

10 

1.8 

12 

8.7 

960 

500 

The  prevailing  wind  directions  would  indicate 
thai  the  area  is  not  generally  affected  by  airborne 
contaminants  from  urban  centres  to  the  northwest 
(Hamilton  or  Sl  Catharines),  to  the  north  (Toronto)  or 
to  the  southeast  (Buffalo).  Airborne  pollution  originat- 
ing in  the  industrial  corridor  of  Niagara  Falls  (New 


York).  North  Tonawanda  and  Tonawanda  is  unlikely 
to  be  deposited  on  the  Niagara  River  (Ont)  Area  of 
Concern,  although  deposition  in  drainage  basins  on  the 
New  York  side  of  the  rivo-  may  introduce  these  con- 
taminants into  the  Niagara  River  waters. 
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4.6,4,1  Microclimates 


The  climate  of  a  region  is  the  general  long-term 
weather  condition  thai  exists  in  that  region  and  is 
based  on  the  number  of  months  the  mean  temperature 
is  above  a  certain  threshold  value  and  the  amount  and 
distribution  of  the  precipitation  in  that  region.  Within 
each  climate  category  there  are  local  conditions  that 
vary  from  the  regional  climate  by  a  variance  in  the 
temperature  regime  or  a  difference  in  the  amount  of 
precipitation.  These  variations  from  the  regional  cli- 
mate are  termed  microclimates. 


There  are  eight  general  climatic  parameteis  that 
may  vary  depending  on  the  local  conditions  in  a 
region.  It  is  the  measurement  of  these  parameters  that 
defines  the  conditions  of  the  microclimate. 


The  eight  parameters  that  are  used  are; 


radiation 

sunshine 

light 

temperature 

humidity 

evaporation 

air  flow 

precipitation 

Each  parameter's  effect  on  the  microclimate  is 
determined  by  the  physical  conditions  of  the  region. 


Radiation  energy  is  affected  by  the  angle  at 
which  it  strikes  a  surface  and  the  relative  facing  of  the 
surface  to  the  radiation  source.  In  the  northern  hemi- 
sphere, a  south  facing  slope  will  receive  more  radiation 
energy  then  a  north  facing  slope.  Also  a  steeper  slope 
will  receive  less  radiation  then  a  shallower  slope.  In 
addition  the  amount  of  shading  caused  by  surrounding 
objects  will  affect  radiative  pattern  of  an  area. 


Sunshine,  and  light  are  dependent  on  the  same 
basic  factors  as  radiation.  Thus  the  factors  encompass- 
ing the  degree  of  slope,  aspect  and  the  amount  of 
shading  of  surrounding  objects  affect  them  the  same 
way  they  affect  radiation. 


Temperature  is  closely  related  to  radiative  en- 
ergy. It  differs  from  sunshine  and  light  in  that  with  the 
movement  of  a  different  air  mass  into  a  region  a 
change  in  temperature  can  occur  with  little  change  in 
radiative  load. 


The  humidity  of  the  region  is  influenced  by  the 
amount  of  water  available.  Vegetation,  water  surfaces 
and  the  ground  (if  water  is  within  the  top  few  centime- 
tres of  the  soil)  are  all  sources  of  water  vapour.  There- 
fore, it  is  to  be  expected  that  the  humidity  will  be 
higher  in  regions  with  heavy  vegetation  and  large 
bodies  of  open  water. 


Evaporation  of  water  has  the  effect  of  cooling 
the  air.  Areas  with  dense  vegetation  or  around  water 
surfaces  are  cooler  but  with  a  higher  relative  humidity. 
The  creation  of  a  higher  humidity  will  only  occur  if 
the  local  air  flow  is  low. 


The  physical  landforms  of  a  region  have  a  great 
effect  on  the  air  flow  and  precipitation.  A  hill  can 
cause  precipitation  to  occur  on  the  windward  side 
rather  than  the  leeward  side.  Hills  can  also  act  as 
barriers  with  the  ability  to  direct  air  flow.  Some 
regions  will  have  an  increased  air  flow,  while  other 
areas  will  have  a  reduced  air  flow. 


In  addition  to  individual  effects,  alt  of  these 
parameters  interact  with  one  another.  It  is  the  interac- 
tive effects  that  also  determine  the  conditions  of  the 
microclimate. 
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4,6.4.1.1  Niagara  Microclimates 


There  are  a  number  of  localilies  wilhin  the 
Niagara  area  which  exhibit  microclimates.  Each  is 
governed  by  a  varied  set  of  climatic  parameters  as 
identified  above.  Many  of  these  have  to  do  with  local 
effects  of  the  adjacent  water  bodies,  enhanced  by 
topographical  features. 


Two  of  the  most  significant  microclimates  within 
the  Area  of  Concern  border  the  area  to  the  north  and  to 
the  south.  Only  small  portions  of  each  microclimate 
are  found  within  the  Niagara  river  (Ont)  Area  of 
Concern. 


The  fijst  locality  is  the  far  eastern  end  of  Lake 
Erie.  This  area  experiences  severe  winter  conditions 
throughout  the  winter  months.  This  is  referred  to 
locally  as  the  "Buffalo  Effect"  and  extends  across  the 
head  of  the  Niagara  River  to  the  Fort  Erie  -  Port 
Colbome  area  of  Ontario.  Strong  westerly  winds 
covering  the  length  of  Lake  Erie  and  temperaUire  and 
humidity  effects  of  the  lake  combine  to  produce  colder 
conditions  and  heavier  snowfalls  in  this  area  than  in 
the  rest  of  the  Niagara  Peninsula. 


The  second  locahty  is  the  area  to  the  north  of  the 
Niagara  Escarpment,  a  small  band  of  which  exists  in 
the  Area  of  Concern  immediately  to  the  west  of  the 
Niagara  River.  This  area  experiences  much  milder 
winters  and  springs  than  the  majority  of  the  area  due  to 
the  blocking  effect  of  the  Niagara  Escarpment  and  the 
influence  of  the  waters  of  adjacent  Lake  Ontario.  In 
the  summertime,  climate  is  strongly  influenced  by 
Lake  Ontario  and  the  prevailing  wind  direction. 


Another  zone  that  exhibits  a  microclimate  is  the 
Niagara  Gorge.  Parameters  causing  variations  from  the 
regional  climate  are  the  topography  of  the  depression 
and  the  waters  of  the  Niagara  River.  The  turbulent 


action  of  the  falls  and  the  rapids  significantly  increases 
the  humidity,  particularly  in  the  vicinity  of  the  Horse- 
shoe Falls.  In  addition,  the  vertical  walls  of  the  gorge 
combined  with  its  narrowness  limit  the  penetration  of 
light  and  heat  to  the  bottom  of  the  gorge,  while  at  the 
same  time  blocking  the  influence  of  most  winds. 


4.6.5  Air  Quality 


The  Ontario  Ministry  of  the  Environment  has 
established  air  quality  guidelines  on  a  one  hour,  24- 
hour  and  annual  basis  as  pan  of  its  Air  Management 
Program  to  control  man-made  emissions  so  that  they 
comply  with  ambient  air  quality  standards.  Sources  of 
pollution  are  identified,  their  emissions  evaluated,  and 
appropriate  control  measures  are  instituted  so  that 
these  objectives  may  be  met. 


It  has  been  demonstrated  that  the  combination 
of  sulphur  dioxide  and  particulate  matter  at  high  con- 
centrations results  in  adverse  health  effects.  Starting 
in  1970,  the  Air  Pollution  Index  or  API  became  one  of 
the  prime  measures  of  air  quality  in  the  Province  of 
Ontario.  This  index  was  derived  from  twenty-four 
hour  running  average  concentrations  of  both  sulphur 
dioxide  and  particulate  matter.  These  were  measured 
at  single  monitoring  stations  and  the  API  was  used  as 
a  warning  system  lo  alert  the  public  to  elevated  air 
pollution  levels.  When  the  API  value  exceeded  50, 
industries  were  required  to  reduce  their  air  emissions. 


The  formula  for  the  calculation  of  API  is  site 
specific.  For  each  monitoring  locale,  the  coefficients 
vary  depending  on  the  nature  and  opacity  of  the 
airborne  contamination. 
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API  values  and  iheir  associated  significances  are 
tabulated  below: 


Value 

Significance 

<32 

acceptable  level 

32 

known  as  the  advisory  level  if  continued 
unfavourable  conditions  are  forecast, 
significani  industrial  sources  may  be  asked  to 
voluntarily  curtail  operations 

50 

major  emitters  would  be  oidered  by  law  to 
curtail  some  operations 

75 

further  cutbacks  would  be  required 

100 

all  sources  not  essential  to  the  public  bealth 
and  safety  could  be  ordered  U)  cease 

operations 

The  general  air  monitoring  program  throughout 
the  Province  measures  the  following  contaminants: 


A)  Gases  measured  with  OMitinuous  analyzers  which 
include: 


i)  Sulphur  Dioxide  (SO^) 

It  is  mostly  monitored  near  industrial 
sources  but  SO^  is  also  a  product  of  domestic 
space  heating.  Sulphur  Dioxide  combines 
with  water  to  form  acidic  compounds  that  can 
cause  eye  and  lung  initation,  corrode  metal 
and  damage  vegetation. 


ii)  Total  Reduced  Sulphur  (TOS) 

TRS  is  monitored  only  near  industrial 
soun:es.  Measurement  of  TRS  includes  hy- 
drogen sulphide  (H^S),  as  vreU  as  other  suJ- 
phur-coniaining  compounds.  They  originate 
from  industrial  sources  such  as  pulp  and  pa- 


per mills,  coke  ovens  and  refineries.  They  do 
not  have  a  health  impact  at  levels  normally 
measured  in  the  ambient  air. 


B)  Particulates  (dust)  which  are  measured  by  three 
methods,  each  relating  to  a  different  size 
range  of  particles: 


i)Dustfall 

Dustfall  incorporates  the  heavy  material 
generally  greater  than  10  microns  in  size  that 
settles  out  of  the  atmosphere  by  gravity. 

ii)  Total  Suspended  Particulates  (TSP) 

TSP  is  measured  using  high  volume  (hi- 
vol)  samplers  set  up  at  permanent  locations 
(near  industrial  sources).    The  particles  col- 
lected by  Hi-vol  samplers  range  in  size  from 
submicron  to  i^proximatcly  50  microns. 

iu")  Soiling  Index  (Coefficient  of  Haze) 

The  coefficient  of  haze  (COH)  is  monitored 
by  tape  samplers  which  measure  fine  parti- 
cles (\tss  than  10  microns)  on  an  hourly  basis. 

The  Ministry  of  the  Environment  has  been 
conducting  routine  monitoring  in  the  Niagara  Falls 
area  since  the  early  1970's. 

At  Niagara  Falls  the  following  stations  are  em- 
ployed: 


#  27056  -  Allendale  Avenue  near  Niagara  Falls 

tourist  area 

#  27055  -  Stanley  Avenue  500  m  northeast  of 

General  Abrasives 

Ltd. 

4t  27053  -  First  and  Bridge  (500  m  southeast  of 

CyanamidInc.,NJ^.) 

#  27050  -  Victoria  Avenue  (500  m  east  of  Cyanamid 

inc..  NP.) 
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Station  #27053  was  operated  only  in  1984  and 
1985.  Stauon  #27050  replaced  it  in  1986  and  is  still 
operational.  Stations  #27055  and  #27056  have  been  in 
continuous  operation  since  1984. 


In  Niagara  Falls,  during  the  1976-1979  period, 
the  24-hour  and  annual  criteria  for  sulphur  dioxide 
(SOj)  were  never  exceeded.  The  one  hour  criterion 
was  exceeded  only  once  in  1976.  The  24-hour  crite- 
rion for  suspended  particulates  was  exceeded  on  six 
occasions  during  that  same  period;  the  annual  crite- 
rion was  not  exceeded. 


At  station  #27056.  for  the  period  from  1984  to 
1987.  the  API  was  generally  low  and  well  below  the 
advisory  level.  Sulphur  dioxide  and  soiling  index 
concentrations  were  also  generally  low  and  met  all 
objectives.  The  data  suggest  that  sulphur  dioxide  is 
mostly  due  to  the  influence  of  the  Niagara  Falls  (N.  Y.) 
industrial  area.  TSP  were  low  and  met  the  objectives 
-  the  trend  from  1980  shows  a  decline  to  well  below 
the  yearly  objective. 


At  station  #  27055.  all  the  objectives  for  sulphur 
dioxide  were  met  and  the  data  for  SO^  and  TRS  show 
mostly  low  levels  for  the  period  from  1984  to  1987. 
General  Abrasives  Ltd.  is  indicated  as  the  primary 
source  of  both  pollutants.  The  hi-vol  sampler  continu- 
ously showed  a  very  high  yearly  mean  for  suspended 
particulates  although  levels  did  decrease  between  1 984 
and  1987.  There  is  a  local  fallout  problem  in  the 
immediate  vicinity  of  the  plant.  The  major  sources  of 
dust  emissions  are  both  the  silicon  carbide  and 
aluminum  oxide  furnaces.  The  fonner  is  also  the 
major  source  of  odours  at  the  plant. 


Data  were  collected  at  station  #  27053  in  1984 
and  1985.  The  annual  geometric  mean  for  suspended 
particulates  was  reduced  by  12%  in  1985  from  1984. 
The  major  influence  was  determined  to  be  Cyanamid. 

In  1986,  monitoring  was  switched  over  from  # 
27053  to  #  27050.  The  yearly  mean  for  suspended 
particulates  was  well  above  the  objective.  It  should  be 


noted  that  this  station  is  more  downwind  of  Cyanamid 
widi  respect  to  predominant  winds,  which  likely  ac- 
counts for  this  increase.  The  major  sources  of  dust 
from  Cyanamid  are  the  calcium  carbide  furnace  and 
its  product  handhng  system. 


The  decade  from  1980  to  1989  brought  signifi- 
cant advances  in  air  quality  monitoring  technology.  In 
June  of  1988.  the  reporting  of  air  quality  was  re- 
vamped to  a  new  Air  Quality  Index  or  AQI  (which 
includes  the  Air  Pollution  Index)  to  more  accurately 
reflect  ambient  air  quality  in  response  to  growing 
concern  with  the  quality  of  air  in  Ontario  as  well  as 
scientific  advancement. 


The  AQI  incorporates  the  two  contaminants, 
SOj  and  suspended  particulate  matter,  which  deter- 
mined the  API.  In  addition,  the  new  AQI  measures 
four  additional  air  pollutants: 


carbon  monoxide  (CO) 


Carbon  monoxide  is  a  colourless,  odourless 
and  tasteless  gas  mainly  resulting  from  auto- 
mobile emissions.  CO  causes  impaired  per- 
ception and  reflexes,  and.  at  high  levels,  can 
aggravate  chronic  heart  and  respiratory  dis- 
eases. 


nitrogen  dioxide  (NOj) 


Nitrogen  dioxide  is  an  irritating  gas  pro- 
duced by  combustion  processes.  It  can  com- 
bine with  water  in  the  atmosphere  to  form 
acid  rain  and  can  also  contribute  to  the  forma- 
tion of  ozone  or  photochemical  smog.  Nitro- 
gen dioxide  can  affect  health,  reduce  visibil- 
ity, corrode  metals  and  damage  vegetation. 
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ozone  (Oj) 


Ozone  is  a  pungent,  colourless  gas  produced 
by  Ihe  sun's  photochemical  a:iion  on  hydro- 
carbons and  oxides  of  nitrogen.  Ozone  also 
occurs  naturally.  High  levels  of  ozone  can 
cause  eye  irritation,  respiratory  distress,  de- 
creased visibility  and  damage  to  vegetation. 


toiaJ  reduced  sulphur  (TRS) 


As  previously  identified  for  site  specific  in- 
stances. 


TTie  AQI  is  based  on  the  24-hour  running  average 
concentrations  of  pollutants  and  does  not  emphasize 
short-term  extreme  readings.  The  air  quality  is  re- 
ported as  very  poor,  poor,  moderate,  good  or  very  good 
based  on  an  AQI  number  from  0  to  100  (Table  4.38). 
Various  levels  of  pollutants  as  identified  by  the  AQI 
can  be  associated  with  various  human  health  effects 
(Table  4.39).  Reported  AQI  levels  are  based  on  the 
most  recent  one  hour  concentrations  and  the  previous 
23  hourly  readings.  The  AQI  is  reported  four  times  a 
day  and  more  frequently  when  the  air  quality  is  moder- 
ate or  worse.  When  the  AQI  reveals  high  levels  of 
pollutants,  action  is  taken  to  reduce  emissions.  El- 
evated levels  of  any  one  parameter  can  cause  the 
AQI  to  increase. 


If  the  AQI  reports  poor,  very  poor  or  moderate 
conditions,  the  specific  pollutants  causing  those  con- 
ditions are  identified  along  with  actions  being  taken  to 
reduce  these  pollutants  to  acceptable  levels.  An  esti- 
mate is  also  given  of  how  long  these  conditions  are 
expected  to  persist.  The  API  is  still  measured  along 
with  the  AQI  as  it  is  used  to  control  industrial  air 
pollution  in  the  area  of  the  monitoring  station. 


For  the  last  three  years,  all  areas  in  the  Province 
had  AQI  readings  of  either  good  or  very  good.  90%  of 
the  lime.  Poor  conditions  occurred  less  than  1  %  of  the 
time.  Very  poor  conditions  did  not  occur. 


Air  quality  standards  on  the  U.S.  side  of  the 
Niagara  River  are  established  by  both  U.S.  EPA  and 
N.Y.  DEC.  Between  1973  and  1979.  annual  criteria 
for  sulphur  dioxide  (SOj),  carbon  monoxide  (CO), 
nitrogen  dioxide  (NO^)  and  lead  were  not  exceeded  in 
the  area  of  the  escarpment  (to  the  north  and  northeast 
of  Niagara  Falls).  In  Niagara  FaUs  (N.Y.),  the  levels 
of  particulate  matter,  both  settleable  and  suspended, 
have  consistently  exceeded  the  State  standard.  This  is 
probably  a  result  of  the  location  of  the  Buffalo  Avenue 
industrial  corridor  in  Niagara  Falls  and  the  prevailing 
wind  direction,  which  would  carry  airborne 
particulates  into  the  Niagara  Falls  (N.Y.)  area.  This 
combination  is  probably  responsible  for  sporadic 
particulate  exceedances  in  Lewiston  and  excessive 
ozone  levels  on  two  occasions  in  Niagara  Falls  (N.Y.). 

There  are  httle  published  data  on  the  concentra- 
tion of  toxic  species  in  the  air  along  the  river.  The  lack 
of  such  data  does  not  allow  an  assessment  of  whether 
the  river  acts  as  a  source  of  such  chemicals  to  the  air 
(or  vice  versa).  It  is  reasonable  to  assume  that  any 
source  segment  along  the  river  in  the  industrialized 
corridor  may  present  a  possible  source  of  airborne 
contaminants  including:  direct  emission  from  indus- 
try, urban  emissions,  volatilization  from  industrial  or 
municipal  wastewater  systems  and  volitilization  from 
the  river  itself. 


Sampling  has  been  conducted  for  gas-phase  and 
particulate-phase  polycyclic  aromatic  hydrocarbons 
in  the  Niagara  river  area'".  This  study  confirmed  the 
results  of  previous  studies,  that  PAH  concentrations  in 
the  air  are  greatest  when  the  air  mass  is  under  the 
influence  of  urban  and  industrial  sources.  Along  the 
Niagara  River  this  indicates  a  soudi  to  north  gradient 
in  the  concentration  due  to  larger  population  in  the 
Buffalo  area. 
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TABLE  4.38 


Ontario  Air  Quality  Index 
Table  Units  are  Concentrations 
Brackets  Indicate  Rationale 

Pollutant 

Units 

Category  /  A.Q.  Index 

Very  Good 

Good 

Moderate 

Poor 

Very 
Poor 

0-15 

16-31 

32-49 

50-99 

10(H 

Sulphur  Dioxide 
1  hr.  avg. 

ppm 

0-0.16 
(MD) 

0.17-0.25 
(OC) 

0.26-0.34 
(MA) 

0.35-1.99 
(PL) 

>2.00 

Coef .  of  Haze 
I  hr.  avg. 

COH 

0-1.0 
(AR) 

1.1-1.9 
(AR) 

2.0-3.9 

(AR) 

4.0-5.9 
(AR) 

>6.0 

Carbon  Monoxide 
1  hr.  avg. 

ppm 

0-12 
(MD) 

13-22 
(EX) 

23-30 
(OC.MA) 

3M9 

(EQ8) 

>50 

Carbon  Monoxide 
1  hr.  avg. 

ppm 

0-5 
(MD) 

6-9 

(EX) 

10-13 
(OC.MA) 

14-17 
(MT) 

>18 

Nitrogen  Dioxide 
1  hr.  avg. 

ppm 

0-0.10 
(NE) 

0.11-0.20 
(OC.MA) 

0.21-0.25 
(EX) 

0.26-0.52 
(MT) 

>0.53 

Ozone 
1  hr.  avg. 

ppb 

0-50 

(MD) 

51-80 
(OC) 

81-120 
(EPA) 

121-199 

(MT) 

>200 

Total  Reduced  Sulphur 
1  hr.  avg. 

ppb 

0-5 
(OCM) 

6-10 

(OCP) 

11-27 

(SO) 

28-999 
(PL) 

>1000 

RATIONAI.H: 

(MD)  -  Federal  Maximum  Desirable  Level 

(MA)  -  Federal  Maximum  Acceptable  Level 

(MT)  -  Federal  Maximum  Tolerable  Level 

(CX:)  -  Ontario  Criteria 

(PL)  -  Prudent  Level  for  Safety 

(EQ8)  -  Equivalent  Effect  as  Federal  Maximum  Tolerable  Level  for  8  Hours 

(AR)  -  Arbitrarily  Selected 

(EX)  -Extrapolated 

(NE)  -No Effects 

(EPA)  -  U.S£.P.A.  Standanl 

(SO)  -Strong Odor 

(OCP)  -  Ontario  Criterion  for  TRS  emitted  from  Pulp  Mills(OCM)  -  Ontario 

Criterion  for  Methyl  Mercaplan 
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TABLE  4.39 


Ontario  Air  Quality  Index  Health  Effects  by  AQI  Category 

Pollutant 

Category 

Very 
Good 

Good 

Moderate 

Poor 

Very  Poor 

Carbon 
Monoxide 

No  Effects 

No  Effects 

Blood 

Chemistry 

Changes. 

NoDeteclable 

Impairment. 

Increased 
Cardiovascular 
Symptoms  in 
Smokers  With  Heart 
Dise.aw!. 

Increasing 
Cardiovascular 
Symptoms  in 
Non-smokers  With 
Heart  Disease.  Some 
Visual  ImpaiimenL 

Nitrogen 
Dioxide 

No  Effects 

Slight  Odor 

Odorous 

Odor  and 

Discoloration.  Some 
Increase  In 
Bronchial  Reactivity 
in  Asthmatics. 

Increasing  Sensitivity 
in  Patients  with 
Asthma  and 
Bronchitis. 

Ozone 

No  Effects 

Injures 

Vegetation 

When 

Combined 

With 

Sulphur 

Dioxide. 

Injures  Many 

Vegetation 

Species. 

Decreasing 
Performance  by 
Athletes  Exercising 
Regularly. 

Light  Exercise 
Produces  Respiratory 
Effects  in  Patients 
with  Chronic 
Pulmonary  Disease. 

Sulphur 
Dioxide 

No  Effects 

Injures 
Vegetation 
When 
Combined 
With  Ozone 

Injures  Some 

Vegetation 

Species. 

Odorous.  Increasing 
Vegetation    Damage. 

Increasing  Sensitivity 
in  Patients  with 
AsUiiGi  @aid 
Bronchitis. 

Suspended 
Paniculate 

No  Effects 

No  Effects 

Some 
Decrease  In 

Visibility 

Visibility  Decreased 
Soiling  Evident 

Increasing  Sensitivity 
in  Patients  with 
Asthma  and 
Bronchitis. 

S02+  SP 

No  Effects 

No  Effects 

Injurious  to 
Vegetation 

Increased  Symptoms 
in  Patients  with 
Chronic  Respiratory 
Disease. 

Significant 

Respiratory  Effects  in 
Patients  with  Asthma 
and  Bronchitis. 

Total 

Reduced 

Sulphur 

No  Effects 

Slight  Odor 

Odorous 

Extremely  Odorous. 

Sensitive  Individuals 
May  Suffer  Nausea 
and  Headaches  Due 
to  Severe  Odor. 
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During  a  one-week  sampling  period  in  Septem- 
ber 1982,  a  screening  of  compounds  was  carried  oui  at 
stations  in  Niagara-on -the -Lake  (Fon  George),  Nia- 
gara Falls  (Diversion  Structure)  and  Fort  Erie  (Old 
Fort  Erie).  The  majority  of  the  organics  detected 
consisted  of  compounds  which  are  typical  of  urban 
and  rural  environments.  Results  showed  a  large  amount 
of  fatty  acids  associated  with  vegetative  burning,  for 
which  there  is  no  local  source.  The  presence  of  high 
concentrations  of  these  in  the  foam  below  Niagara 
Falls  points  to  the  river  as  a  possible  source.  These 
compounds  have  also  been  noted  in  urban  samples 
from  Detroit  and  New  York  Slate.  Chlorinated  spe- 
cies were  not  seen  during  this  full-range  screening  of 
compounds. 


The  sampling  was  repealed  during  the  last  week 
of  January,  1983.  At  this  lime  volatilization  from  the 
river  was  indicated  as  not  likely  to  occur  since  the 
water  temperature  during  the  period  was  0.4X  to 
1.1  *C.  The  study  showed  that  concentrations  of 
particulate  PAHs  were  higher  during  winter  months 
especially  for  phenanthrene  and  pyrene.  This  indi- 
cated that  source  input  from  a  strong  local  influence 
was  the  controlhng  factor  for  the  difference  between 
September  and  January.  In  general,  airborne  PAH 
levels  were  highest  in  Fort  Erie,  lower  in  Niagara  Falls 
and  lowest  in  Niagara-on -ihe-Lake. 


4.6.6  Odour 


There  have  been  occunenccs  recorded  in  the 
last  decade  of  complaints  of  unacceptable  air  quality 
in  the  area  of  the  Maid-of-ihe-Misl  Pool.  These 
complaints  have  been  made  by  both  visitors  and  resi- 
dents. Most  occurrences  have  been  noted  by  those 
individuals  who  work  in  the  vicinity  of  the  Falls,  the 
customs  and  immigrations  staff  at  the  Rainbow  Bridge 
and  the  Maid-of-the-Mist  fleet  staff. 


Although  most  complaints  have  not  been  veri- 
fied because  the  emission  has  ceased  before  investiga- 
tors arrive,  some  occurrences  have  been  of  sufficient 
duration  to  give  an  indication  of  responsible  sources. 


Most  of  the  complaints  which  have  been  traced 
have  been  associated  with  discharges  from  Niagara 
Falls  (N.Y.),  either  from  industrial  spills  above  the 
American  Falls  or  discharges  from  the  Falls  Street 
Sewer  or  from  the  Adams  Tailrace  Tunnel.  Particu- 
larly strong  odours  filled  the  Niagara  Gorge  in  the 
Falls  area  on  September  8,  12,  17,  and  September  21 , 
1987.  The  incident  on  September  12  was  reported  to 
Ontario's  Spills  Action  Centre;  eight  Canada  Customs 
Officials  were  overcome  and  three  had  to  be  taken  to 
hospital  for  observation.  During  the  same  occurrence, 
staff  and  passengers  of  the  Maid-of-the-Mist  reported 
irritation  of  the  eyes  and  throat. 


The  majority  of  odour  complaints  and  poor  air 
quality  occurrences  are  linked  to  discharges  to  the 
Maid-of-the-Mist  Pool.  Three  Hydro-electric  plants 
discharge  to  the  pool  on  the  Canadian  side.  Investiga- 
tions of  these  discharge  systems  do  not  show  any 
possible  route  of  introduction  of  contaminants  to  these 
waters.  Their  sole  purpose  remains  the  transfer  of 
water  from  the  upper  river  to  the  lower  river  for 
electrical  power  generation  purposes. 


The  only  recorded  pollution  sources  to  this  por- 
tion of  the  river  are  the  two  main  sewers  for  the  City  of 
Niagara  Falls,  New  York.  The  Falls  Street  Tunnel  is  a 
combined  sewer  which  contributes  contaminated 
ground  water  to  the  Maid-of-the-Mist  Pool  during 
periods  of  high  precipitation.  The  City,  along  with 
EPA  and  DEC  are  attempting  to  redirect  as  much  of 
this  water  stream  as  possible  to  the  Niagara  Falls 
(N.Y.)  Waste  Water  Treatment  Plant  (NFWWTP). 
The  larger  of  the  two  outfalls  is  the  Adams  Tailrace 
Tunnel:  it  receives  the  discharge  from  the  NFWWTP 
along  with  non-contact  cooling  waters  from  the  chemi- 
cal industries  along  Buffalo  Avenue. 


The  NFWWTP  has  the  ability  to  bypass  influent 
directly  to  the  Adams  Tunnel  in  the  event  of  a  spill, 
from  any  of  its  significant  industrial  users,  that  threat- 
ens the  operation  of  its  treatment  system,  particularly 
the  activated  carbon  beds.  Bypassing  has  occurred  in 
the  past  as  excessive  stormwater  contributions  threat- 
ened to  hydrauhcally  overload  the  plant.  The  munici- 
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pal,  Slate  and  federal  authorities,  once  again,  have 
been  working  on  beuer  control  of  flows  through  the 
plant. 


The  bypassing  of  a  spill  from  the  NfFWWTP  or  a 
spill  directly  from  the  industries  to  the  P^FWWTP  still 
poses  a  threat  to  the  well-being  of  people  and  animals 
in  the  Maid-of- the- Mist  area.  These  poorly  treated, 
full-sirength  waste  streams  have  the  ability  of  creating 
serious  air  quality  problems  in  the  confined  space  at 
the  bottom  of  the  Niagara  Gorge.  This  may  be  particu- 
larly true  during  periods  of  reduced  flow  over  the  falls 
and  through  the  Maid-of- the- Mist  Pool.  These  lower 
flow  periods  provide  less  dilution  for  the  concentrated 
stream  and  create  a  longer  residence  time  in  the  Maid- 
of-the-Mist  Pool.  Extending  these  periods  of  low  flow 
or  increasing  their  frequency  would  increase  the  risk 
of  a  combination  of  low  flow  with  a  spill  condition. 
The  severity  of  the  exposure  will  depend  on  the  nature 
of  the  contaminants  involved. 


4.6.7  Mist 


Mist  is  formed  in  three  ways  at  Niagara  Falls 
and  the  amount  formed  by  each  method  is  dependent 
on  the  ambient  temperature  and  humidity  as  well  as 
the  temperature  differential  between  the  air  and  the 
river  water.  One  way  involves  the  bubbles  which  are 
created  by  the  plunge  into  the  Maid-of-the-Mist  Pool; 
the  bubbles  break  upon  surfacing,  producing  aerosol 
droplets  that  can  carry  surface-active  materials  into 
the  atmosphere'".  A  second,  and  more  important, 
method  is  by  the  spray  of  fine  water  droplets  created 
by  the  impact  of  the  cascade  as  it  hits  rocks  or  the 
surface  of  the  water  below;  this  fine  spray  is  carried  to 
the  lop  of  the  gorge  by  the  unpredictable  updiafts  of 
air  from  the  Maid-of-the-Mist  Pool.  The  third  method 
involves  the  evaporation  of  water  from  the  river's 
surface  layer  as  it  goes  over  the  Falls.  This  evapora- 
tion cools  and  condenses  in  the  air  above  the  Falls. 


It  has  been  hypothesized  that,  although  the  proc- 
ess of  volatilization  by  the  falls  at  Niagara  may  pro- 
vide a  pathway  for  the  removal  via  stripping  of  any 


volatile  contaminants,  it  may  in  turn  cause  widespread 
dispersal  of  contaminants  in  aerosol  form  that  may 
increase  risk  of  human  exposure  to  toxins  and  patho- 
gens for  individuals  who  work  in  the  vicinity  of  Nia- 
gara Falls  or  to  visitors  to  the  falls  area. 


In  1987.  a  graduate  thesis  project  from  the  Uni- 
versity of  Toronto  involving  mathematical  modelling 
of  toxic  contaminants  in  the  Niagara  River  theorized 
that  significant  amounLs  of  toxic  chemicals  were  be- 
ing volatilized  in  the  mist  at  Niagara  Falls'".  This 
project  attempted  to  account  for  the  introduction, 
movement  and  ultimate  fate  of  eleven  chemical  spe- 
cies along  the  Niagara  River.  The  model  predicted 
that  significant  amounts  of  PCBs.  tetrachlorobenzenes 
and  chloroform  were  volatilized  by  the  intense  mixing 
of  air  and  water  going  over  the  falls.  An  air  to  water 
entrainment  ratio  of  20:1  was  estimated  as  the  air 
breaks  up  in  the  "nappe",  or  failing  curtain  of  water. 
A  calculation  was  then  made  of  an  air  flux  of  59.CXX) 
mVs  evolving  out  of  the  gorge  due  to  the  rising  spray 
plume.  The  model  could  not  be  validated  due  to  the 
lack  of  environmental  data. 


Comparing  maximum  in-plume  concentration 
estimates  with  Air  Concentration  Guidelines  from  the 
Ministry  of  the  Environment,  it  is  possible  for  the 
predicted  concentrations  to  exceed  the  daily  and  an- 
nual limit  for  PCBs.  The  total  mass  emission  of  PCB 
predicted  by  the  model  would  make  the  falls  the 
largest  "point  source"  of  PCBs  to  the  atmosphere  in 
North  America. 


Data  used  in  the  model  were  drawn  from  a  wide 
range  of  sources  and.  consequently,  were  heavily 
qualified  by  the  researchers.  Some  areas  of  study  had 
no  readily  available  information,  so  extrapolations 
were  made  from  scientific  research  or  permitted  val- 
ues. In  a  follow-up  article  written  by  Dr.  D.  Mackay'*', 
one  of  the  researchers  involved,  the  authors  expressed 
concern  over  the  reaction  to  the  study.  Dr.  Mackay 
stated  that,  in  reality,  the  concentrations,  even  in  the 
plume  (of  mist)  are  low,  and  thus  "non-toxic"  and  well 
below  any  levels  applicable  to  occupational  atmos- 
pheres. Unfortunately,  the  publicity  surrounding  the 
"bad  news"  that  toxic  chemicals  were  evaporating  at 
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MAMU  #1  analysed  15  one-hour  volatile  organ- 
ics  samples  collected  in  the  mist.  In  addition.  83  hours 
were  spent  at  the  Diversion  Structure  downwind  of  the 
mist  (including  all  64  hours  of  the  overnight  periods). 
These  83  readings  of  common  contaminant  data  col- 


the  Falls  was  more  widely  distributed  than  the  "good 
news"  that  no  h^m  would  be  suffered  by  the  visitors 
and  residents. 


In  November,  1986,  the  Oniario  Ministry  of  the 
Environment  conducted  an  air  survey'"  from  the  Nia- 
gara Falls  area  in  the  vicinity  from  Table  Rock  to  the 
Diversion  Structure.  This  survey  mdicated  no  PCBs 
above  a  detection  limit  of  40  ng/m\5«^w 


In  response  to  recommendations  in  the  previ- 
ously mentioned  thesis  project.  Environment 
Canada'"-'"  and  the  Ontario  Ministry  of  the  Environ- 
ment'**'"  conducted  studies  adjacent  to  the  Horseshoe 
Falls  on  the  Ontario  side  of  the  river. 


During  the  week  of  June  15,  1987.  the  Air 
Resources  Branch  of  the  Ontario  Ministry  of  the  Envi- 
ronment deployed  two  sophisticated  mobile  air  moni- 
toring units  (MAMUs)  adjacent  to  Table  Rock'*°. 


MAMU  #1  contains  a  variety  of  analyzers  that 
enabled  screening  of  the  ambient  air  in  the  mist  arising 
from  Niagara  Falls  for  141  different  volatile  organic 
compounds  and  up  to  ten  common  contaminants  (NO  , 
NO,.  TRS.  NO.  CH,,  SO,.  CO,  O,.  total  hydrocarbons 
and  non-methane  hydrocarbons).  MAMU  #1  also 
contains  a  complete  meteorological  station.  MAMU 
#3  is  a  Trace  Atmospheric  Gas  Analyzer  (TAGA)  unit 
(model  3(XX)).  It  couples  a  mass  spectrometer/APCI 
source  with  an  Automated  Short  Term  Adsorber 
(ASTA)  to  monitor  specifically  for  PCBs  in  2-minute 
intervals  with  a  running  half-hour  average.  Atmos- 
pheric conditions  for  monitoring  during  the  entire 
survey  were  ideal:  light  lo  moderate  winds  and  ambi- 
ent temperatures  in  excess  of  20'*C.  The  mist  was 
always  present  and  the  monitoring  units  were  either  in 
or  directly  downwind  of  the  mist. 


lected  during  the  study  showed  compliance  with  the 
Ontario  Guidelines,  Air  Quality  Criteria  or  Provi- 
sional Guidelines.  A  total  of  23  chlorinated  alkanes 
(including  chloroform).  9  chlorinated  alkenes  and  7 
chlorinated  aromatics  (including  chlorobenzene)  were 
delected  in  the  mist  samples  by  the  GC.  None  of  these 
contaminant  concentrations  exceeded  Guidelines  or 
TLVs.  A  total  of  405  air  samples  were  screened  for 
PCBs.  Occasional  detection -level  interference  oc- 
curred in  the  TAGA;  however,  these  interferences 
were  not  indicative  of  the  presence  of  PCBs  since  the 
data  did  not  meet  the  criteria  for  the  identification  of 
PCBs'". 


In  August,  1987.  Environment  Canada's  Atmos- 
pheric Environment  Service  conducted  a  study  to  test 
the  predictions  of  elevated  air  concentrations  at  the 
Falls'".  Following  a  series  of  samplings  and  analyses, 
AES  concluded  that,  although  concentrations  of  pollut- 
ants were  measured  in  the  air  at  several  locations 
around  Niagara  Falls,  the  concentrations  of  the  chemi- 
cals measured  were  consistent  with  previous  measure- 
ments of  urban  and  rural  concentrations  in  North 
America  and  in  disagreement  with  the  thesis  model 
project  predictions.  Using  the  same  Ontario  Guide- 
lines, AES  concluded  that  the  concentrations  measured 
during  the  study  are  acceptable  on  a  half-hourly,  daily 
and  yearly  basis'". 


Il  is  certain  that  contaminants  are  being  released 
into  the  mist,  the  foam  and  the  air  as  the  Niagara  River 
plunges  over  Niagara  Falls  and  into  the  Maid-of-the- 
Mist  Pool  below.  The  tendency  for  some  contami- 
nants such  as  metals  to  concentrate  on  surface -active 
materials  and  for  others  such  as  low  molecular  weight 
organics  to  volatilize  is  a  scientific  fact.  The  question 
that  must  be  answered  is  the  degree  to  which  this 
occurs  and  the  threat  posed  by  this  degree  of  occur- 
rence. 


Simulation  studies  have  been  conducted  by  On- 
tario Hydro  to  determine  the  flow  patterns  in  the  upper 
Niagara  River.  In  addition,  mathematical  modelling 
has  been  conducted  by  the  University  of  Windsor  for 
the  Ministry  of  the  Environment.  These  studies  show 
that  the  upper  Niagara  River  remains  relatively  un- 
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mixed  due  to  the  predominance  of  downstream  flow 
over  lateral  flow.  The  waters  passing  over  the  Horse- 
shoe Falls,  representing  primari]y  the  waters  of  the 
Chippawa  Channel,  are  of  the  same  quality  as  Lake 
Erie  water.  Contributions  from  the  lightly  populated 
shores  of  the  Chippawa  Channel,  including  the  urban 
area  of  Fort  Erie,  do  not  substantially  change  the 
quality  of  the  water  passing  down  the  Chippawa  Chan- 
nel. 


The  heaviest  degree  of  contamination  of  the 
Niagara  River  comes  from  the  highly  populated  and 
industrialized  corridor  on  the  U.S.  side  of  the  river  and 
the  Buffalo  area.  These  contaminants  are  carried 
predominantly  by  the  Tonawanda  Channel.  These 
more  contaminated  waters  are  significantly  diverted 
above  the  American  Rapids  by  the  New  York  Power 
Authority  through  their  underground  aqueducts  to  the 
Robert  Moses  Generating  Station  in  Lewiston,  New 
York.  Some  of  the  waters  of  the  Tonawanda  Channel 
are  introduced  into  the  Maid-of- the- Mist  Pool  over  the 
American  and  Bridal  Veil  Falls. 


It  is  suspected  that  concentrations  of  contami- 
nants, particularly  man-made  organics.  in  the  air  and 
mist  on  the  U.S.  side  are  higher  than  on  the  Canadian 
side,  given  the  higher  water  concentrations  and  the 
prevailing  wind  directions.  This  aspect  has  not  been 
investigated  by  authorities  on  the  U.S.  side  of  the 
Niagara  Falls.  It  may  be  difficult  to  assess  an  impact 
in  this  area  given  the  much  more  highly  industrialized 
nature  of  Niagara  Falls,  New  York. 


Some  mixing  of  the  waters  of  the  Tonawanda 
and  Chippawa  Channels  may  occur  in  the  Grass  Island 
Pool  due  to  the  operation  of  the  Diversion  Structure  by 
the  two  power  authorities.  Although  this  mixing  is 
believed  not  U)  be  a  significant  occurrence  at  this  time, 
plans  for  increased  use  of  the  Niagara  for  power 
generation  purposes  may  further  exacerbate  this 
mixing. 
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List  of  Chemicals  Detected  in  the  Niagara  River** 


CAS 

NRTC 

CAS 

NRTC 

PARAMETER 

Number 

GroupA 

PARAMETER 

Number 

Group# 

Acenaphthene 

83-32-9 

ms 

Bulylphenol,  4-t- 

98-54-4 

no 

Acenaphlhylcae 

208-96-8 

IIDS 

Carbon  disulphide 

75-15-0 

in 

Acetone 

67-64-1 

m 

Carbon  tetrachloride 

56-23-5 

i 

Aldrin  [HHDN] 

309-00-2 

IS 

Chlordane,  Alpha- 

12789-3-6 

I 

AmiDoiiaf)hthalene,  1-[1-Naphthylaminc] 

IIDS 

Chlordane,  Gamma- 

57-74-9 

I 

Aniline 

62-53-3 

IIAS 

Chloroanthnceae 

no 

Anthracene 

120-12-7 

no 

Chlorobenzene  [mono-J 

108-90-7 

ac 

Benzaldehyde 

100-52-7 

nc 

CSiIoTodibromoe  thane 

DD 

Beaz(a)anlhrscene 

56-55-3 

1 

Qilorodibromomethane  1 

24-48-1 

OA 

Benzene 

71-43-2 

I 

Qilorofomi 

67-66-3 

I 

BcQzcDc  lulfonamide 

98-10-2 

nc 

Cblorohydroxybenzophenone 

UD 

Benzofluorcne 

30777-19-6 

IIFS 

Qilorohydroxyphenothiazinc 

IID 

Benzoic  acid  [Benzyl  benzoaU] 

65-85-0 

EDS 

Chloromethoxybeozopbenone 

[ID 

Bciuothiazole 

95-16-9 

m 

Chlommethyl-bis(phenylmetfayl)ben2ene 

UD 

Benzo(a)pyreoe 

50-32-8 

I 

Chloronaphthaleoe,  1- 

90-13-1 

OA 

Benzo(b)fluoranthene 

205-99-2 

I 

Qiloronaphthalene,  2- 

91-58-7 

OA 

Benzo(c)pyrene 

192-97-2 

nDs 

Chlo  ro-o-nitrobenzene 

88-73-3 

[IDS 

Benzo{gJi.i)peiylenc  1 

91-24-2 

UD 

(Chloropi)eayl)cyclohexene 

ODS 

Bcnzo(k)fluoranlhenc 

207-08-9 

I 

Oil  oro  toluene 

lie 

Benzyl  alcohol 

100-51 -6 

ms 

Cl)loro(triiluoromethyl)bcnzeDe,  2- 

IIDB 

Benzyl  benzoatf  (see  Benzoic  acid) 

ChIoro(trilluoromethyl)bcnzcDe,  3- 

UD 

Benzyl  bulylphthalate 

85-68-7 

ms 

Chloro(trif]uorontethyl)benzene,  4- 

UDB 

Bcnzylidenc-4,4'-bis(dimeihylaniline) 

IIDS 

Quyienc 

218-01-9 

1 

Bcnzyl-n-ethylaniline,  n- 

ADS 

Coronene 

191-07-1 

UFS 

BHC  Alpha-  [A-Hexachlorocyclohexanc] 

319-84-6 

I 

Cumene 

98-82-8 

UI 

BHC  Beu-  [B-Hexachlorocyclohexanc] 

ncjiAs 

DCPA  {2^-DichloropropioiiJc  Acid] 

75-99-0 

UCSB 

BHC  Gamma-  [G-Hexacblorocyclohexane] 

58-89-9 

I 

DDD  p4)'- 

1 

Biphcnyl 

92-52-4 

ni 

DDE  pfi--  [DDX] 

I 

Bis-(2-(ahylhexyl)phlhalate 

117-81-7 

I 

DDT  04)- 

UAB,DCS 

Bromofomi  [Tribromomethanc] 

75-25-2 

IIA 

DDT  p,p'- 

50-29-3 

I 

Buianal 

123-72-8 

nc 

Decadieiui,  2,4- 

UDB 

Butanol.  n-  [n-butyl  alcohol] 

71-36-3 

uc 

Ehbcnzofuran 

UDS 

Buunol.  1-  [i-bulyl  alcohol] 

75-65-0 

m 

Dibenz(aji)anlhraceae 

53-70-3 

UB 

BuUtaoDC,  2- 

78-93-3 

m 

Dtbromomethane  [Methytene  bromide] 

74-95-3 

UD 
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TABLE  4.2  (Cont'd.) 


List  of  Chemicals  Detected  in  the  Niagara  River** 


CAS 

NRTC 

CAS 

NRTC 

PARAMEIER 

Number 

Groupl 

PARAMt"lER 

Number 

Group# 

Di-n-butylphlhalaic 

84-74-2 

HE 

Diethyl  ether  [Diethyl  fonnamide] 

60-29-7 

ni 

Di-(-bu:ylquinone 

IIDS 

Dielhylphthalate  86-66-2  ncs 

Dichloroanthracenc 

UD 

Dimelhyladipate 

nos 

Dichlorobcnzene,  I J- 

95-50-1 

nA 

(Dimethyiamino)benzophcnone,  4- 

rms 

DichlorobcnzeQe,  IJ- 

541-73-1 

HA 

Dimethylaniline  |,Q,n-7] 

121-69-7 

ni 

Dichlorobcnzenc.  1.4- iPDBjMndbcUarotanMB) 

06-46-7 

UA 

Dimethyl  disulphide 

624-92-0 

nD 

DichlorobmnoethATie 

HD 

Dimethyl- 2^-heptadieD-4-onc,  2,4-  [Phoroi 

el 

ncs 

Otchlorobromometluae 

75-27-4 

OB 

DimethylF4ieDantfarene 

ODS 

Dichloroethane,  ],J- 

75-34-3 

lies 

Dimethylpfatbalate  [NTM;DMP} 

131-11-3 

GCS 

Dichloroethanc.  I  J-  [Ethylene  dichloride] 

107-06-2 

I 

Dimetfayl-2-propenoamjde.  njt- 

DD 

Dichloroclhylenc,  l^-(ci5) 

156-59-2 

HAS 

Dinitroaniiole.  2,4- 

119-27-7 

ncs 

Dichloroetiiylcne,  1^-  (trani) 

156-60-5 

HAS 

Di-D-octylphthalate 

117-81-7 

[ 

Dichloromelbsne  (MeUiylene  chloride] 

75-09-2 

I 

Dipfaenylunine 

122-39-4 

[IAS 

Dichloromethyl-bi<(i*eDylme*hyI)ben7riic 

UD 

Diphenylcyciohexioe 

DDS 

Dichloromethyldipbenybneihuie 

UD 

Difriieayldifluoromethane 

ID 

Dichlorooaphlhalene 

UB 

DiphenylhydniTine,  1,2- 

122-66-7 

ncs 

Dichlorophenanihiene 

IIDS 

Eodoiulfan  I  [HiiodaD  T] 

115-29-7 

I 

Dichloropbenol,  2.4- 

120-83-2 

nc 

Endotulfao  n  [Thiodwi  U] 

1 

1 

DichJorophenol,  2^- 

uc 

Endrin 

44 

1 

Dichloropbenol,  2,6- 

87-65-0 

nc 

Ethylbm/rne 

100-41-4 

nA 

DichlorophenoxysccUc  ncid,  2,4-  12,4-Dl 

94-75-7 

nA 

Elhyltoluene 

UD 

t)ichloro-2-phcnoxyelhaiiol,  2,4- 

UD 

Ethyl-4-methylmaleic  anhydride^- 

nDS 

Dichloropropane,  1,2- 

78-87-5 

nc 

Ruorantbene 

206-44-0 

1 

Dichloropropylene,  1,2- 

542-75-6 

nc 

Fluoime 

86-73-7 

no 

DichJoropropylene,  13-  (di) 

10061-01-5 

nc 

Buoroethyl-pcDtarhlorobcnzciie,  2- 

m>s 

Dichloropropylene.  IJ-  (tnni) 

10061-02-6 

nc 

FluorotrichloromethMie  **  aee  tiidiloroflu 

rometh&De 

«• 

Dichloroquinone 

ODS 

Punn 

110-00-9 

UD 

Dichlorotoluenc,  2,6- 

nc 

Hepuchlor 

76-44-8 

ISilAB 

Dichloro(thfluon>meihyl)beDZcne 

UD 

HeptAchJor  epoxide 

1042-57-3 

1 

Dicyclohexylphthalate 

HDS 

HeptachlorodibeozofunD 

ODS 

Dieldrin  [HEOD] 

60-57-1 

I 

Hcptachloroioluene 

nDS 

Dicthylbcnzene 

25340-17-4 

nE 

Hexachlorobenzene  [HCB] 

1 18-74- 1 

nA,ISB 

Dtethylcyclohexuione 

nDS 

Hexachlorobutadiene  (HCBD]  87-68-3 

[ 

Diethyl  di  sulphide 

lIO-Sl-6 

nc 

Hextchlorodibenzofunui 

ms 
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TABLE  4.2  (Cont'd.) 

List  of  Chemicals  Detected  in  the  Niagara  River** 


CAS 

NRTC 

CAS 

NRTC 

PARAMETER 

Number 

Grouf^ 

PARAMETER 

Numbei 

Groups 

Hcxachlorotolucnc 

HD 

Pentachloroaniiole 

nc 

Hexanal 

nc 

Penlachl  oro  benzene 

608-93-5 

nc 

Hexanc 

110-54-3 

HG 

Pentachlorobiphenyl 

B 

Hexenone 

nc 

Peotachlorobiphenyleae 

nDS 

Hydroxybcnzaldehydc,  4- 

HDB 

Pcniachlorocaibazole 

nDS 

Indeno(  1 .2,3-c.d)py  rene 

193-39-5 

IIDS 

Pcntachlorodibm  7Afur&n 

nDS 

Isopfaorone 

78-59-1 

ncB 

Pcntachlorodifluoronaphthaleoe 

ODS 

Lindane  ••  sec  BHC-G  •• 

Pcntachlorofluorene 

nDS 

Mcthoxychlor  [Melhoxy-DDT,  DMDT| 

72-43-5 

ISB 

Pentacblorumethylbis(phenyLaKthyI)benze:i 

e 

no 

Methylanthraccne 

nFS 

F^Uchlorophenol  fPCP] 

87-86-5 

1 

Methylbutanoic  acid,  2- 

IIDB 

Peotachlorophenytfluoroaielhylether 

HDs 

MBthylcoumarin 

ncs 

PenudUorotolueoe 

nD 

Methy  Idi  benzofuran 

nDS 

Pentane 

m 

Metbylene-4.4' -bisCnji -dimethyl  )&iu  line 

nDS 

Perylaic 

198-55-0 

nFs 

Methylene  chloride  **see  Dichlorometbaae 

1* 

Fhenanttuene 

85-01-g 

HF 

Methylfluorene 

IIDS 

nienol 

108-95-2 

I 

Methylfuran 

nc 

Phenothiazine 

nc 

Methyl- 3-hexen-2-ooe,  5- 

HDB 

Rienylacctaldehyde 

[IDB 

MeUiyln^htbalene.  1-90-12-0 

nc 

Phenylacetic  acid 

ODB 

Methyloxime-3-pcntanoac,  o- 

hds 

Pbenylnaphthalcne 

nDS 

Methylpalmitate 

HFS 

Piperidinooe 

ODB 

Methylpcnteae 

.' 

nc 

Propanol 

m 

Melhylphenanihrene 

TTF.S 

Pyirne 

129-00-0 

I 

Melbylpivalate 

ncs 

Sihrex  **»ec  TrichloroiAenoxypropioiiic  u 

d*» 

Methylpyrene 

nDS 

Stymie 

100-42-5 

HA 

Mirex  [Dechlorane,  Decfalorane  plus] 

2385-5 

I 

2,4  ^-T  ••lee  Trichlorophcnoxyacrtic  Acid 

■• 

Naphthalene 

91-20-3 

in 

TCDD  ••see  Tctrachlorodibenzo-iwiioxin' 

» 

NitrosodiphenylamiDe,  n- 

86.30« 

ncs 

Tetrachlorobcnzenc.  1^3,4- 

634-66-2 

nc 

Noncn-2-one,  3- 

HDB 

Tetrachlorobcnzene,  1,2,3.5- 

634-90-2 

acB 

OcUchlorodibcQzofunn 

ODS 

Tetrachlorobenzenc.  1.2,4^ 

95-94-3 

nc 

Ocuchlorosiyrenc 

29082-74-4 

ncsB 

Tetrachlorobiphenyl 

(S 

PCS  -  Arochlor  1242 

53469-21-9 

ISB 

Tetradilorocajbazolc 

nDS 

PCB  -  Arochlor  1254 

1 1097-69-1 

IS 

Telrachlorodibenzofuraii 

nns 

PCB  -  Arochlor  1260 

11096-82-5 

I 

Tetrachlorodibcnzo-p-dioxin,  2,3,7.8- 

1746-01-6 

1 
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TABLE  4.2  (Cont'd.) 

List  of  Chemicals  Detected  in  the  Niagara  River** 


PARAMETER 


CAS 
Number 


Tetrachloroethane.  1.1^^- 

Teliachloroclhyienc  [Perchloroethylcne] 

Tetrachloromcihylbis(phcnylniethyl)bcnieii  : 

Tetnchlorophenanthrene 

Tetrachlorophenol.  2.3,4,6- 

Teirachlorotoluene 

Tetmhydrofuran  109-99-9 

Tetramethylbenzidene,  n^iji'^i',- 

(Tetraraethylbutyl)phenol 

Thiodan  **  tee  Endo»ulfan  •• 

Toluene 

Tribromomclhanc  *•  see  bfomofoim  •• 
Trichloroanthracene 
Trichlorobcnzcne.  1,2^- 
TrichJorobcnzcne,  1^4- 
Trichlorobenzcne,  1.2,5- 
Trichlorobenzcnc.  1,3.5- 
Trichlorobiphenyl 
Trichloiodiphenylmethane 
Trichtorocthanc.  1,1,1- 
Trichloroclhylenc 
Tnchlorofluoromethane 
Trichloromethyl-bis(phenylmetf)yl)benzene 
Tri  chlorooaphthalene 
Trichlorophenanthreoe 
TridiJoropbcnol.  23,4- 
Trichloropbenol,  23.5- 
Thchlorophenol.  23,6- 
Trichlorophcnol,  2,4.5- 
Trichlorophenol,  2,4,6- 
Thdiloropbcnol,  3.4.5- 


79-34-5 
127-18-4 


58-90-2 


108.88-3 


87-61-6 
120-82-1 


Source;  Niagara  River  Toxics  ( bmmillee 


79-01-6 
75-69-4 


15950-66-0 
933-78-8 

95-95-4 
88-06-2 


NRTC 
Groups 


nc 

I 

HD 

UK 

ncB 

nD 

nc 

UDS 
DC 

m 

no 
uc 
nc 

IICB 
BC 
B 
QD 

ICE 

HA 

UGS 

IID 

UBS 

ODS 

IIA 

lU 

DA 

IIAJB 

nA.ISB 

IIA 


PARAMETER 


CAS 


NRTC 


Numbei     Group]! 


Tricblorophcnonytcetic  Acid.  2.4,5-  [245T 

Trichlorololuene.2,4 .5- 

Tridiloiouifluoroeiluae 

(TrifluoromethyObenzenc 

Trimcthylbenzcne 

Trimrthyibi  phenyl 

Trimethylphcnanthrcne 

Trunethyl-3a.4.S>ietnliy<ko-2-coninuaa(m.  3a,e,6- 

Xylenc,  m- 

Xylcne,  o- 

Xylowl.  2,4- 

Zytnn 

Aluminttni 

Amimaay 

Arsenic 

Barium 

Beiyllium 

Cadmium 

Chromium 

Copper 

Cyanide 

Lead 

Manganese 

Mercury 

Nickel 

Seleoium 

SDver 

Tlxallium 

Zinc 


93-76-5  [HA 
;a«5TPlW-72-  HA 
6639-30- line 

m 

DC 

ODB 

ODS 

UDS 

ins 

m 

DCS 
ODSB 

7429-90-5 

7440-36-01 

7440-38-2  ISJIA 


23351-13-7 


108-38-3 
95^7-6 


7440-41-7  I 

7440-43-9  I 
7440-47-3  [ 
7440-50-8  I 
57-12-5 
7439-92-1 
7439-96-5  UCS 
7439-97-6  I 
7440-02-01 
7782-49-2  I 
7440-22-4  I 
7440-28-0 
7440- 


UDS 
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TABLE  4.3 

Group  I,              Chemicals  of  Concern'* 

Phase 

Monitoring 

Charvcterlstka 

Assessment 

See  also 

Cbemlcal 

Bk>ta        Sediment          Water 

Source 

Trend 

Medhim   LC50         LD50         log(Kow) 

BCF          Crit           HEC 

Group 

Aldrin 

• 

Y 

S 

W3.S 

S 

Antimony 

• 

Y 

w 

W3.S 

• 

• 

s 

* 

I  ID 

Anenic 

* 

Y 

W.B.S 

W3.S 

* 

IIA 

Benzene 

Y 

w 

WJ,S 

s 

III 

Bcnzo{b)fl  uonuitbene 

Y 

w 

W3.S 

* 

* 

s 

IIB 

Benzo(k)fl  uorantbene 

Y 

w 

W3.S 

* 

* 

s 

IIF 

Benz(a)uithracene 

Y 

w 

W3,S 

* 

• 

s 

IIP 

Benzo{a)pyrene 

* 

Y 

W3 

W3.S 

* 

Bcrylium 

Y 

w 

W.B,S 

• 

* 

s 

• 

IID 

BHC-alpha 

Y 

W3.S 

W3.S 

B,S 

IIA 

Bi3(2-ethy  tbexyOphthal  at( 

Y 

w^ 

W3.S 

* 

S 

Cadmium 

• 

Y 

W.B.S 

W3,S 

B 

Catbon  (etrachloride 

Y 

w 

W3,s 

Chlordane 

Y 

WJ,S 

W3.S 

s 

IIA 

Chlorofonn 

Y 

W5 

W3.S 

• 

s 

IIA 

Chromium 

Y 

W.B.S 

W3,s 

* 

B 

IIA 

Chiysene 

Y 

w 

W3^ 

S 

IIB 

Copper 

Y 

W3 

W3,S 

• 

• 

• 

IIF 

Cyanide 

Y 

W;S 

W3.S 

• 

• 

* 

• 

DDD 

Y 

W3,S 

W3.S 

S 

IIA 

DDE 

Y 

W3,s 

W3,S 

* 

s 

HA 

DDT 

Y 

W3.S 

W3.S 

s 

IIA 

IJ-Didiloroethane 

Y 

w 

W3.S 

* 

Dieldrin 

Y 

W.B.S 

W3^ 

s 

IIA 

Dioctyl  phthalate 

Y 

W 

W3.S 

• 

s 

• 

nc 

Endosutphan 

Y 

W3.S 

W3.S 

s 

IIA 

Endrin 

Y 

W,B.S 

W3.S 

s 

IIA 

Fluoranthene 

Y 

w 

W3.S 

* 

s 

IE 

n 

X 

> 

H 
50 
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TABLE  4.3  (Cont'd.) 


&3 
CTQ 


B 

n 

E 

> 

n 

*♦ 

o' 

P 


C/3 


OTQ 


Group  I, 


Chemicals  of  Concern' 


Cbemlcal 


Heptacblor 

HepUchlor  epoxide 

Hex«chlorobcnzene 

Hex  achi  orobuudiene 

Lead 

Lindane 

Mercury 

Melhoxychlor 

Methylene  Qiloride 

Mircjt 

Nickel 

Penlachlorobi  ptieny  t 

Pentachloropfaenol 

Phenol 

PCB- Arochlorl242 

PCB- ArochlorI254 

PCB -AnKhlor  1260 

Pyrene 

Selenium 

Silver 

TCDD  (Dioxin) 

Tetrachl  orobipheny  I 

Tetrachloroethylene 

Trichlorobipbeny  t 

2,4.5-Trichloiophmol 

2.4,6-Trichloropbcnol 

Zinc 


Biota 


Phase 
SedlmeDl 


Water 


Monitoring 
Source 


Y 
Y 
Y 
Y 
V 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 


Characteristics 
Trend         Medium    LC50         LD50         log(Kow) 


W3.S 
W3,S 

W3.S 

W,B.S 

B.S 

W 

W3.S 

W3,s 
s 

W3 

WJ 

B.S 

S 

w 
w 

W3 

W3 
s 

W5 
S 

W3 
BJS 


W3.S 
W33 
W3S 
W3.S 
W3.S 
W3,S 
W3JS 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3,S 
W3.S 
W3.S 
W3.S 
W3.S 
W3.S 
W3,S 
W3,S 
W3^ 
W3.S 
W3^ 


Assessment 
BCF         Cril 


HEC 


S 

s 

B.S 
B.S 


B,S 

S 

s 

B 

B 
S 


B 
B.S 

B 


n 

X 

> 

H 


See  also 
Group 


II A 

IIA 
HA 

IIA 
IIA 


IIE 
IIA 
IIA 


IIA 


IIE 
IIA 


UE 


"0 

CTQ 
O 


00 


3 

n 

TABLE  4.3  (a) 

Group  IIA,  Chemicals  of  Concern" 

"1 

■(^ 

so 

s 

Phase 

Monitoring 

Cluracterlstta 

Assessment 

See  also 

Cbemkal 

Biota        Sediment          Water 

Source 

Trend 

Medium    LC50         LDSO         log<Kow) 

BCF          Crit           HEC 

Group 

> 

Anil  be 

» 

S 

W3.S 

• 

* 

S 

Anenic 

• 

• 

Y 

WJ3 

W3.S 

• 

I 

o' 

BHC 

* 

S 

W3,s 

* 

s 

a 

BHC-alpha 

* 

Y 

W3,s 

W3.S 

• 

B.S 

I 

2 

Bromofomi 

* 

w 

W3,s 

ST 

Chlordane 

* 

Y 

W3,s 

W3.S 

S 

I 

D 

ChlorodibnxQomethane 

• 

• 

w^ 

W3.S 

• 

• 

S 

Clilorofomi 

• 

Y 

W5 

W3.S 

• 

S 

1 

Chloronaphthalrae 

* 

• 

W 

W3 

W3.S 

• 

• 

s 

C/1 

Chromiuni 

* 

Y 

W3.S 

W3.S 

• 

B 

I 

E" 

2.4-D 

• 

W 

W.B.S 

ft 

DDD-(p.p) 

• 

Y 

W3.S 

W3,S 

S 

I 

DDE 

• 

Y 

W3,s 

W3.S 

* 

s 

I 

^^ 

DDT 

* 

Y 

W.B.S 

W3.S 

s 

I 

1  ^-Dichlorobenzene 

* 

* 

W3 

W3.S 

• 

s 

1 3-DichIoro  benzene 

• 

* 

W3 

W3.S 

* 

s 

1 ,4-EhchIorobenzerc 

• 

• 

• 

W3,S 

W3.S 

« 

B.S 

1 ,2-  Dicbloroelhy  lene 

• 

S 

W3.S 

• 

* 

S 

Die]drin 

* 

Y 

W,B.S 

W3.S 

S 

I 

Diphenylamine 

• 

s 

W3.S 

* 

S 

Endoiulphan 

* 

Y 

W3^ 

W3,S 

S 

I 

Endrin 

« 

Y 

W3.S 

W3.S 

S 

I 

Ethylbenzene 

• 

W3 

W3.S 

• 

s 

Heptachlor 

4 

Y 

B^ 

W3.S 

s 

I 

&3 

Heptachlor  epoxide 

• 

Y 

W3.S 

W3.S 

• 

s 

I 

Hexachlorobenzene 

• 

Y 

W3.S 

W3.S 

* 

B.S 

I 

tro 

Lead 

• 

Y 

WfiJS 

W3.S 

• 

• 

I 

n 

Lindane 

• 

Y 

W3^ 

W3.S 

S 

I 

"5 

1 

00 

On 

(TQ 

S 


< 
ft 

ft 

e 
ft 

o. 
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TABLE  4.3  (a)  (Cont'd.) 

Grou  p  IIA,         Chemicals  of  Concern" 

Phase 

Monitoring 

Cfaaracteristtcs 

Assessment 

Cbemkal 

Biota         SedltMDl           Water 

Source 

Trend 

Medhim   LC50        LD50        log(Kow) 

BCF          Crit           HEC 

Group 

Mirex 

» 

Y 

W3,S 

W33 

S 

I 

Nickel 

• 

• 

Y 

W.B.S 

W3.S 

• 

* 

B 

I 

Rienol 

Y 

ws 

W3.S 

• 

S 

r 

Selenium 

* 

Y 

y/S 

W3.S 

S 

I 

Silvcx 

• 

w 

W3.S 

* 

Styrane 

• 

w 

W.B.S 

• 

w 

2.4.5-T 

» 

w 

WJ.S 

* 

w 

Tetradil  orocthy  Icne 

• 

Y 

W3 

W3,S 

s 

I 

Tribromomelhane 

• 

s 

W3.S 

• 

• 

s 

TrichI  orocthy  lene 

• 

w 

W3.S 

• 

* 

TricWoro  phenol 

• 

Y 

W3 

W3,S 

B 

r 

n 
> 

NO 

H 


TABLE  4.3  (b) 


Group  OB,  Chemicals  of  Concern* 


Chemical 


Be  n  zo(b)  fl  uo  ran  then  e 

Chrysenc 

Diben2(a^)aiilhracene 

Dichlorobromomethane 

Dichloronaphthafene 

Trichloronaphthalene 


BloU 


Phase 

Sedhnent 


Water 


Monitoring 
Source 


Trend 


Characteristics 
Merihim   LC50         LD50 


log(Kow) 


W 
W 


W 


W,B.S 
W3,S 
3 

B.S 
W3 


Assessment 
BCF  Crit 


HEC 


S 

s 

W3 

s 

s 


See  also 
Group 


Source:  '*  -  Niagara  River  Toxics  Committee 


era 

fit 


00 
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TABLE  4.5 

Upstream/Downstream  Monitoring  Parameters 
Persistent  Toxic  Chemicals  of  Concern 


Chemical 

1984-86 

1986-87 

1987-88 

1988-89 

Benzene 

Monitored 

Monitored 

Monitored 

Monitored 

Cutxm  tetnchloride 

Monitored 

Monitored 

Monitored 

Monitored 

Chlorofonn 

Monitored 

Monitored 

Monitored 

Monitored 

Dichloroeihane.  1^- 

Monitoied 

Monitored 

Monitored 

Monitored 

Methylene  cbloride 

Monitored 

Monitored 

Monitored 

Moaitored 

Tetrachloroethylcne 

Monitored 

Monitored 

Monitored 

Monitored 

Acrolein 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Acrylonitrile 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

bcs(Chloromethyl)ether 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Bromofomi 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Qilorobenzenc 

Not  Monitored 

Monitored 

Not  Mmiiored 

Monitored 

Qtlorodibromomctbane 

Not  Monitored 

Monitored 

Not  Mcmitorcd 

Monitored 

Chloroelluuie 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Qiloroethylcnc 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

ChloroeUiylvinyl  ether,  2- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Dicblorobromomethane 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Oichlorodifluoromcthane 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

DichioroeOiane.  1,1- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Dichloroethyleae,  1,1- 

Not  Monitored 

Monitored 

Not  Moaitored 

Monitored 

DichlorocUiylene,  1^-trans- 

NW  Moniioied 

Monitored 

Not  Moaitored 

Monitored 

Dichloroproponc,  1,2- 

Not  Monitored 

Monitored 

Nol  Moniloted 

Monitored 

Wchloropropylene.  13-  (ds) 

Not  Monitored 

Monitored 

Not  Mmiitored 

Monitored 

Dichloropropylene,  13-  (trans) 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Elhytbenzenc 

Not  McHiitored 

Monitored 

Not  Monitored 

Monitored 

Meihyl  bromide 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Methyl  chloride 

Not  Monitored 

Monitored 

Not  Monitored 

Moaitored 

Telrachioroethaae,  1,1^^- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Toluene 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Trichloroeihane,  1,1,1- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

TrichloFoclhane,  1,1,2- 

Not  Monitored 

Monitored 

Not  Monitored 

Motiitored 

Trichloroelhylene 

Not  Monitored 

Monitored 

Not  Moaitored 

Moaitored 

Trichl  orofluoromelbane 

Not  Mcmiiored 

Monitored 

Not  Moaitored 

Moaitored 

Vinyl  chloride 

Not  Monitored 

Monitored 

Not  Monitored 

Moaitored 
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TABLE  4.5  (Cont'd,) 

Upstream/Downstream  Monitoring  Parameters 
Persistent  Toxic  Chemicals  of  Concern 


Qiemical 

1984-86 

1986-87 

1987-88 

1988-89 

DichlorotAcnol.  2,4- 

NEW'89 

NEW  89 

NEW89 

Monitored 

Dichlorophcnol,  23* 

NEW'89 

NEW'89 

NEW89 

Monitored 

Dichloropbenol,  2,6- 

NEW  89 

NEW'89 

NEW'89 

Monitored 

Chloro-m-crcsol,  p- 

NEW'89 

NEW'89 

NEW89 

Monitored 

Tridilorophenol.  23  J- 

NEW'89 

NEW  89 

NEW  89 

Monitored 

Trichlorophcnol,  2,4,6- 

NEW'89 

NEW  89 

NEW89 

Monitored 

Tridiloropbcnol.  2,4,5- 

NEW'89 

NEW  89 

NEW'89 

Monitored 

TridJorophcnol.  23,4- 

NEW -89 

NEW'89 

NEW'89 

Monitored 

Dichlorophenoi.  3  J- 

NEW'89 

NEW'89 

NEW'89 

Monitored 

TrichiorofAenoI.  3.4^ 

NEW  89 

NEW'89 

NEW'89 

Monitored 

Dichloropbenol,  3.4- 

NEW  89 

NEW'89 

NEW89 

Monitored 

Trichloropbenol,  3,43- 

NEW'89 

NEW'89 

NEW  89 

Monitored 

Pentactilorophenol 

NEW'89 

NEW89 

NEW  89 

Monitored 

Phenol 

NEW'89 

NEW  89 

NEW  89 

Monitored 

Cblorof^Qol,  2- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Dimcthylfrticnol,  2,4- 

Not  MonnoTcd 

Monitored 

Not  Monitored 

Monitored 

Dinitn^enol.  2,4- 

Not  Monitored 

Monitored 

Not  Mooilored 

Monitored 

Dinitn>-o-cresol,  4,6- 

Not  Monitored 

Monitored 

Not  Monitor^ 

Monitored 

Nitrophenol.  2- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Nilrophenol,  4- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

TetrachiorDphcnol,  2,3,43- 

Not  Mooitoicd 

Monitored 

Not  Monitored 

Monitored 

BHC  (alpha-) 

Monitored 

Monitored 

Monitored 

Monitored 

BHC  (ganmu-) 

Monitored 

Monitored 

Monitored 

Monitored 

Hcptachlor 

Monitored 

Monitored 

Monitored 

Monitored 

Aldrin 

Monitored 

Monitored 

Monitored 

Monitored 

Heptachlor  epoxide 

Monitored 

Monitored 

Monitored 

Monitored 

Chlordane.  GAMMA 

Monitored 

Monitored 

Monitored 

Monitored 

CWordane.  ALPHA 

Monitored 

Monitored 

Monitored 

Monitored 

DDE(p4)) 

Monitored 

Monitored 

Monitored 

Monitored 

Dieldrin 

Monitored 

Monitored 

Monitored 

Monitored 

Endrin 

Monitored 

Monitored 

Monitored 

Monitored 

DDT(04)) 

Monitored 

Monitored 

Monitored 

Monitored 

DDD{pj)) 

Monitored 

Monitored 

Monitored 

Monitored 

DDT(p4)) 

Monitored 

Monitored 

Monitored 

Monitored 

Endosulphui  (alph*-) 

Monitored 

Monitored 

MtHiitoted 

Monitored 

Endosulphan  (beU-) 

Monitored 

Monitored 

Monitored 

Monitored 

Mi  rex 

Monitored 

Monitored 

Monitored 

Monitored 

Mcthoxychlor 

Monitored 

Monitored 

Monitored 

Monitoicd 
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TABLE  4.5  (Cont'd.) 

Upstream/Downstream  Monitoring  Parameters 
Persistent  Toxic  Chemicals  of  Concern 


Chemical 

1984-86                      1986-87 

1987-88 

1988-89 

PCB,  Total  all  congeners 

Monitored 

Monitoied 

Monitored 

Monitored 

HcxachloTDbuudienc 

Monitoiwl 

Monitoied 

Monitoied 

Monitored 

PCB  Arochlor  1221 

Congeners  not  ipeciated  -  toul  cmly 

PCB  Arochlor  1232 

Congeners  not  speciated  -  total  only 

PCB  Arochlor  1242 

Congcncn  not  ipcdated  -  total  only 

PCB  Arochlor  1016 

Congeners  not  tpedaied  -  total  only 

PCB  Arochlor  1254 

CongeiKts  aol  ipcdated  -  total  only 

PCB  Arochlor  1260 

Congeners  not  spedated  ■-  total  only 

PCB  Arochlor  1248 

Congeners  not  ipcdated  -  total  only 

BHC  (beta-) 

Not  Monitored            Monitored 

Not  Monitored 

Monitored 

BHC  (delta-) 

Not  Mooilored            Monitored 

Not  Momtoied 

Monitored 

Chlordane 

Isomers  identified  teparstcly 

D.  2.4- 

Not  Monitored 

Monitoied 

Not  Monitoied 

Monitored 

Eddosulphan  sulphate 

Not  Moniloied 

Monitored 

Not  Monitored 

Monitoied 

Endrin  aldehyde 

Not  Monitored 

Monitored 

Not  Monitored 

Monitoied 

OctacbloroityrcDe 

Not  Mooitored 

Monitoied 

Not  Monitored 

Monitored 

Toxaphene 

Not  Mooitored 

Monitoied 

Not  Monitored 

Monitored 

Na[AU)alene 

Monitored 

NEW'89 

N'EW'89 

Monitoied 

Methyhiapblhaleoe,  2- 

NEW'89 

NEW*89 

NEW'89 

Monitored 

Methylnapbthalene,  1- 

NEW'89 

NEW'89 

NEW'89 

Monitored 

Chlorotiaphihalene,  2- 

NEW'89 

NEW*89 

NEW*89 

Monitored 

Acenaphthyleae 

NEW'89 

NEW'89 

NEW -89 

Monitoied 

Ruorenc 

Monitored 

NEW'89 

NEW'89 

Momtoied 

AothiBcene 

Monitoied 

NEW'89 

NEW'89 

Monitored 

nienanthrene 

Monitored 

NEW*89 

NEW -89 

Monitored 

Fluorantbene 

Monitored 

Monitoied 

Monitoied 

Monitored 

Pyrene 

Monitoied 

Monitoied 

Monitoied 

Monitoied 

Benz(a)anthrBCcoe 

Monitored 

Monitored 

Monitored 

Monitored 

Chrysenc 

Monitored 

Monitored 

Monitored 

Monitored 

Benzo(b)fluoranlheDe 

Monitored 

Monitoied 

Monitored 

Monitored 

Benzo(k)fliioraolhme 

Monitored 

Monitoied 

Monitored 

Monitored 

Beiizo(a)pyreDe 

Monitoied 

Monitored 

Monitored 

Monitored 

lndeno(l,23-cd)pyrene 

NEW -89 

NEW -89 

NEW*89 

Monitored 

Dibenzo(a  Ji  )anthraceoe 

NEW  •89 

NEW'89 

NEW*89 

Monitored 

&enzo(gJi,i)perylene 

NEW'89 

NEW'89 

NEW'89 

Monitored 

Acenaphtheac 

Monitored 

Monitored 

Monitored 

Monitoied 

Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4-91) 


TABLE  4.5  (Cont'd.) 

Upstream/Downstream  Monitoring  Parameters 
Persistent  Toxic  Chemicals  of  Concern 


Chemical 

1984-M 

1986-S7 

1987^8 

1988-89 

TetndilomdibciitD-p-dioim.  2,3,7.B- 

NEW  89 

NEW*89 

NEW  89 

Monitored 

HepUchlorodibenzofuran 

Monitored 

Monitored 

Not  Monitored 

Monitored 

HepUchlofxxlibcnzo-p-dtox  in 

Not  Monilorcd 

Monitored 

Not  Monitored 

Monitored 

Hcxachlorodibenzofuran 

Not  Monitored 

Monitored 

Not  Mooitored 

Monitored 

He  X  achl  0  rod  i  ben  zo- p-d  io  X  in 

Monitored 

Monitored 

Not  Monitored 

Monitored 

Ocuchlorodibenzofuran 

Monitored 

Monitored 

Not  Monitored 

Monitored 

OcUchlorodibenzo-p-diox  in 

Monitored 

Monitored 

Not  Monitored 

Monitored 

Pcnucblorodiboizotunn 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Penuch  1  orodibenzo-p-dioxin 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

TetradilDrodibenzofuiwi 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

I>tmethyl[4ithilaic 

NEW'89 

NEW*89 

NEW  89 

Monitored 

Diethylphlhslale 

NEW'89 

NEW  89 

NEW  89 

Monitored 

Di-n-buty  IphthalaU 

NEW*89 

NEW89 

NEW  89 

Monitored 

Buty  Ibcnzy  It^lhalale 

NEW*89 

NEW89 

NEW  89 

Monitored 

Im  8(2-Elhy  Ibeiy  I)[Athalate 

Monitored 

NEW'89 

NEW  89 

Monitored 

Di-n-ooylphthalale 

NEW88 

NEW '88 

Monitored 

Monitored 

Bcnzidenc 

Not  M(Hiitored 

Monitored 

Not  Monitored 

Monitored 

bi8(2-chloroethoxy)  methane 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

bi8(2-Chlo  roethyl)cther 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

t»s(2-chloroisopropyI)  ether 

Not  Monitored 

Moniloied 

Not  Monitored 

Monitored 

Bromophenyl  phenyl  ether,  4- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Chlorophenyl  phenyl  ether,  4- 

Not  Monitored 

Monitored 

Not  Monilorcd 

Monitored 

Dichlorobcnzidinc,  3  J'- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Dinitrotoluene.  2,4- 

Not  Mooitored 

Monitored 

Not  Monitored 

Monitored 

DiaitrotoluciK,  2,6- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Dipbcnylaminc 

Not  Moailorcd 

Monitored 

Not  Monitored 

Monitored 

Dtphenylhydrazine,  1^- 

Not  Mooiloted 

Monitored 

Not  Monitored 

Monitored 

Hcxachlorocyclopcnladienc 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Hexachloroethane 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Isophorone 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

NitrobeozcDe 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

n-  Nitrosodimeihy  tamine 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

n-Nitrosodipheny  laminc 

Not  Monitored 

Monitored 

Not  Mcmitored 

Monitored 

n-Niirosodi-n-pn^ylamine 

Not  Moniloied 

Monitored 

Not  Monitored 

Monitored 

Tridiloroioluene,  2,4^ 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 
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TABLE  4.5  (Cont'd.) 

Upstream/Downstream  Monitoring  Parameters 
Persistent  Toxic  Chemicals  of  Concern 


Chemical 

1984-86 

1986-87 

1987-88 

1988-89 

Dichlorobenzene,  1^- 

Monitored 

Monitored 

Monitored 

Monitored 

Dichiorobenzenc,  13- 

Monitored 

Monitored 

Monitored 

Monitored 

Dichlorobcnzcne,  1.4- 

Monitored 

Monitored 

Monitored 

Monitored 

Trichlorobenzene,  1,3^- 

Monitored 

Monitored 

Monitored 

Monitored 

Trichiorobcnzenc,  1.2,4- 

Monitored 

Monitored 

Monitored 

Monitored 

Trichiorobenzcne.  1,23- 

Monitoied 

Monitored 

Monitored 

Monitored 

Tcirachlorobcnzcnc.  1,2.3,4- 

Monitored 

Monitored 

Monitored 

Monitored 

PenuchJorobenzene 

Monitored 

Monitored 

Monitored 

Monitored 

Hexacblorobcnzene 

Monitored 

Monitored 

Monitored 

Monitored 

Tetrachlorobenzene,  1,2.33- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Tetrachlorobcn7me.  1.2.43- 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Atrazinc 

NEW*89 

NEW'89 

NEW*89 

Monitored 

Melolachlor 

NEW'89 

NEW  89 

NEW  89 

Monitored 

Asbestos 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Cyanide 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 

Lithium 

Monitored 

Monitored 

Monitored 

Monitored 

Aluminum 

Moriilored 

Monitored 

Monitored 

Monitored 

Vanadium 

Monitored 

Monitored 

Monitored 

Monitored 

Chromium 

Monitored 

Monitored 

Monitored 

Monitored 

Manganese 

Monitored 

Monitored 

Monitored 

Monitored 

Iron 

Monitored 

Monitored 

Monitored 

Monitored 

Cobalt 

Monitored 

Monitored 

Monitored 

Monitored 

Nickel 

Monitored 

Monitored 

Monitored 

Monitored 

Copper 

Monitored 

Monitored 

Monitored 

Monitored 

Zinc 

Monitoied 

Monitored 

Monitored 

Monitored 

Arsenic 

Monitored 

Monitored 

Monitored 

Moniloied 

Selenium 

Monitored 

MooiiOEcd 

Monitored 

Monitored 

Stnsnlium 

Monitored 

Monitored 

Monitored 

Monitored 

Molybdenum 

Monitored 

Monitored 

Monitored 

Monitored 

Silver 

Monitored 

Monitored 

Monitored 

Monitored 

Cadmium 

Monitored 

Monitored 

Mtmitoted 

Monitored 

Antimony 

Monitored 

Monitored 

Monitored 

Monitored 

Barium 

Monitored 

Monitored 

Monitored 

Monitored 

Lead 

Monitored 

Monitored 

Monitored 

Monitored 

Mercury 

Monitored 

Monitored 

Monitored 

Monitored 

Beryllium 

Monitored 

Monitored 

Monitored 

Monitored 

Thallium 

Not  Monitored 

Monitored 

Not  Monitored 

Monitore«l 

Tetnelhyl  lead 

Not  Monitored 

Monitored 

Not  Monitored 

Monitored 
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TABLE  4.6 

Priority  Pollutant  List 

United  States  Environmental  Protection  Agency 


Class 

Chemical 

Qass 

Chemical 

Class    Chemical 

PAH 

Acenaphthene 

VOL 

Methylene  chloride 

VOL 

Vinyl  chloride 

VOL 

Acrolein 

VOL 

Methyl  chloride 

PES 

Aldrin 

VOL 

Aciylffliitrile 

VOL 

Methyl  bromide 

PES 

Dieldrio 

VOL 

Benzene 

VOL 

Bromofoim 

PES 

Qilordane 

BN 

Benzidene 

VOL 

Dichl  orobromomethan  e 

PES 

DDT  (p4)) 

VOL 

Cart»R  tetrachlorkie 

VOL 

Trichlorofluoromclhanc 

PES 

DDE  (pp) 

VOL 

Qilorobenzcne 

VOL 

Dichlorodifluoromethanc 

PES 

DDD{p4>) 

BN 

i  ,2 ,4-Trichlorobcnzcne 

VOL 

Chlorodibromomethanc 

PKS 

Endosulphan  (alpha-) 

BN 

Hexachlorobenzene 

BN 

Hexachlorobutadiene 

PES 

Endosulphan  (beta-) 

VOL 

1.2-Di(±Ioroe  thane 

BN 

Hcxachlorocyclopcntadicne 

PES 

Endosulphan  sulphate 

VOL 

1 , 1 ,1  -Trichloroetlunc 

BN 

Isophonine 

PES 

Endrin 

BN 

Hex  achlo  roethane 

PAH 

Naphthalene 

PES 

Endnn  aldehyde 

VOL 

1,1-Didiloroethane 

BN 

Nitrobenzene 

PES 

Heplachlor 

VOL 

1 , 1  ^-Trichloroethanc 

AE 

2-Nitrophenoi 

PES 

Heptachlor  epoxide 

VOL 

l.ia^-TetrachloroeUianc 

AE 

4-NitrDpheDol 

PES 

BHC  (alpha-) 

VOL 

ChloroeLhane 

AE 

2.4-Diiutrophenol 

PES 

BHC  (beta-) 

tn  s(a)loromelfayl)ether 

AE 

4,6-  Dinitro-o-creiol 

PES 

BHC  (gamma-) 

BN 

bi  i(2-Chlon>ethyl)ether 

BN 

0-  Nilrosodimelhy  Umine 

PES 

BHC  (delu-) 

VOL 

2-ChlorocthyIvinyl  ether 

BN 

n-Nitroiodi  phcny  lamine 

PCB 

PCB  Arochlor  1242 

PAH 

2-ChloronaphIhalenc 

BN 

n- Nitrosodi'D- propylamine 

PCB 

PCB  Arochlor  1254 

AE 

2,4 ,6-Tnchloropbenol 

AE 

Penlachlorophenol 

PCB 

PCB  Arochlor  1221 

AE 

p-dloro-m-creiol 

AE 

Phenol 

PCB 

PCB  Arochlor  1232 

VOL 

Qiloroform 

BN 

bis(2-Ethylbcxyl)phtha]ate 

PCB 

PCB  Arochlor  1248 

AE 

2-ailorophenol 

BN 

Butylbcnzylphtbalate 

PCB 

PCB  Arodilor  1260 

BN 

1  ^-Dichlorobenzene 

BN 

Di-n-butylphthalale 

PCB 

PCB  Arochlor  1016 

BN 

I  ^-I>ichlorobcn7me 

BN 

Di-n-octy  Iphthalate 

PES 

Toxaphcne 

BN 

1 ,4-Dichloroben2cne 

BN 

Dietbylphthalate 

MET 

Silver 

BN 

3,3'-I>ichlorobcnzidine 

BN 

Dimcthylphthalate 

MET 

Aneoic 

VOL 

1 . 1-Dichioroethylenc 

PAH 

Benz(a)aDthracene 

MET 

Beryllium 

VOL 

1  ^-trans-Dichlorocthyloic 

PAH 

Bciizo(a)pyrene 

MKl 

Cadmium 

AE 

2,4-Dictiloropheaol 

PAH 

Bcnzo(b)fluorantbene 

MET 

Chromium 

VOL 

1 ,2-Dichloropropane 

PAH 

Benzo(k)nuoraiitbene 

MET 

Copper 

VOL 

1.3-Dichloropropylene  (ci<-) 

PAH 

Chryscnc 

MET 

Mercury 

VOL 

1.3-DichloTopropyIenc  (trwii-) 

PAH 

Accnaphthyleoe 

MET 

Lead 

AE 

2 ,4-  Dimethy  Ipbeaol 

PAH 

Anthracene 

MET 

Nickel 

BN 

2,4-DinitroiDlueDe 

PAH 

Benzo(g  Ji.i)pcry  lene 

MET 

Antimony 

BN 

2,6-DinitrDtolucne 

PAH 

Fluoicne 

MET 

Selenium 

BN 

1 .2-Dipbenylhydrazine 

PAH 

Phenanthrene 

MET 

Thalliimi 

VOL 

Ethylbenzene 

PAH 

Dibenzo(aJi}anlhncene 

MET 

Zinc 

PAH 

PluoraRthene 

PAH 

IndeneC  1.23-cd)pyrene 

IN 

Cyanide 

BN 

4-ailorophenyl  phenyl  ether 

PAH 

Pyrenc 

MKl 

Asbestos 

BN 

4-BroniopiJcnyl  pfacoyl  ether 

VOL 

Tetrachloroethylene 

BN 

23.7.8-TCDD 

BN 

bis(2-chloroiiopit>pyl)  ether 

VOL 

Toluene 

BN 

bis(2-chlorocthoxy)  methane 

VOL 

Trichloroethylene 

Clfl«  n«.nntnon- 

AE  •  Acid  Extractable  Organics 
BN  ■  Base-Neutral  Extractable  Organics 
PAH  -  Base  Neutral  ExuactaWe  PAH's 
PCB  -  Polychlorinated  Biphenyl  Isomers 


VOL  -  Volatile  (PurgaWe)  Organics 

PES  -  PesUcides 

MET  -  Meuls  and  Asbestos 

INO  -  Other  inorganic  Compounds 
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TABLE  4.7(a) 
Persistence  Determination 


CbcmJcal 

KOW 

MW 

logBCF 

Carcinogenicity 

CHl.OROnF.NTFMF.S 

bexachlorobcDzene 

5.23 

284.78 

3.89 

2 

pentachlorobcnzene 

5.19 

250.34 

3.70 

i  ,23 ,4-letrachIorobeiizenc 

4.99 

215.90 

1 ,2.4  ^-ictrachlorobenzcnc 

4.97 

215.90 

1 ,2  J  ,S-tetrachlorobenzene 

4.46 

215.90 

i ,  2  3 -tri  ch  lo  ro  benzene 

4.26 

18IJ0 

1 ,3,3-trichlorobcnzeiie 

4.26 

181.50 

236 

1 ,2,4-trichlorobcnzene 

4.23 

181J0 

332 

1 ,2-dtchl  orobenzene 

3.38 

147.01 

3.00 

1 3-dichl  orobenzene 

3.38 

147.01 

3.0O 

1 ,4-dichIo  ro  benzene 

3.38 

147.01 

233 

-1 

CHT.OROPHF.Nni.S 

pentacbloropheno  1 

5.01 

266.40 

2.89 

2.3.4.5-tctrachloropbenol 

4.10 

231.89 

2,4^-trichlorophenol 

3.84 

197  JO 

3.28 

.J 

2,3  ^-trichloropbeool 

3.70 

197  JO 

2,4 ,6-trichlorophcnol 

3.62 

197  JO 

2 

2,3 .4-trichlorDpbenot 

3.61 

197  JO 

3 .4-dich]  orophenol 

3.13 

163.00 

2J-dichlorophcnol 

3.10 

163.00 

2 ,4-d  ichl  orophen  0 1 

3.08 

163.00 

1-53 

2 

2,6-dichlorophenoI 

2.88 

163.00 

-1 

H  Ai  .nr.FNA  I  hl>  Ai  .irva  }rs 

3.89 

290.8S 

12.15 

2 

gamma  BHC 

alpha  BHC 

3.36 

290.85 

12.26 

2 

HALOGFNATRn  AI.IPHA-nrs 

3.74 

260.74 

3.00 

2 

bexachlorobutadtcne 

carbon  tetrachloride 

2.64 

153.82 

1.24 

2 

letradil  orocthy  lenc 

2J3 

165.83 

1.69 

2 

trichloroethylene 

2.47 

131  JO 

2 

iribromoethylene 

2J0 

252.77 

2.64 

1 

1 ,2  -dichJoreihy  tene 

2.00 

96.95 

-1 

chlorodibromoelhane 

2.00 

208.29 

-1 

chlorofomi 

1.95 

119.39 

0.78 

2 

1 ,2-dichloroethane 

1.79 

98.96 

2 

methylene  chloride 

1.51 

89.94 

-1 

OTi-tFR  rHi.ORiNATF.nrnMPoinsfa«! 

679 

376.00 

4J2 

-1 

octachi  o  ro  sty  rcn  e 

Total  FCB'i 

5.00 

4.70 

2 

methoxychlor 

430 

345.65 

3.92 

0 

loxaphene 

330 

413.80 

4.88 

2 

MIRRX  ANDDRRIVATIVF.S 

6.89 

545.49 

4.26 

2 

mi  rex 

pbotomirex 

6.00 

511.06 

-I 
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TABLE  4.7(b) 
Persistence  Determination 


Chemical 

KOW 

MW 

logBCF 

Carctnogentclty 

DIOXlNSANnnrRANS 

08CDF 

6.70 

443.72 

H7CDF 

6J0 

409.28 

08CDD 

6.50 

459.72 

H6CDF 

6J0 

374.84 

H7CDD 

630 

425.28 

H6CDD 

6.10 

390.84 

P5CDF 

6.00 

340.40 

P5CDD 

5.80 

356.40 

2.3.7. 8-TCDF 

5.70 

305.96 

T4CDF 

5.70 

305.96 

T4CDD 

5J0 

321.96 

3.67 

2 

DDTANDMETABOIITRS 

DDE 

5.69 

318.03 

4.71 

2 

TDE 

5.73 

320.05 

3.43 

1 

o,p*  DDT 

5.75 

354  JO 

4J7 

-1 

p.p'  DDT 

5.75 

354  JO 

4.47 

2 

CHI.ORINATF.nPHFNOXY  COMPOTINT 

£ 

269  JO 

-1 

silvex 

3.93 

2.4>T 

3.72 

255.49 

I 

2,4-D 

X8I 

221.04 

1.74 

] 

CYn.onmm=<i 

aldrin 

5.67 

364.93 

3.10 

I 

dicldrin 

5.48 

380.93 

4.11 

2 

heptachlor 

5.44 

373J5 

4J0 

2 

hcpuchlor  expoxide 

5.40 

389  JO 

4.16 

2 

chlordanc 

5.16 

409.80 

2J1 

2 

endhn 

4J6 

380.93 

3.17 

0 

endosulphan 

3.60 

406.95 

0 

PHTHAI.ATF.S 

dioctyl  phthalate 

4.00 

390.62 

3.97 

2 

bis-2-eIhyl-hexyl  phthalate 

5.11 

390.62 

2.93 

2 

AROMATICS 

cthylbcnzene 

3.15 

106.17 

-1 

benzene 

2.11 

78.12 

1.10 

2 

aniline 

0.90 

93.13 

1 

Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4-96) 


TABLE  4,7(c) 
Persistence  Determination 


Cbemkal                                                           KOW 

MW 

log  BCF 

Carcinogenicity 

I 

POI.YCYn  ir  AROMATIC  HYDROCARBONS 

252.32 

-1 

benzo(l^  )nuoranlhenc 

6.06 

bcnzo(a)pyreDe 

6.06 

252.30 

1.85 

2 

benzo(gi.i)pcrylenc 

6.05 

276.00 

-1 

indenopyrenc 

6.00 

276.34 

-1 

chrysene 

5.61 

228.20 

2 

fluoranlhene 

533 

202.00 

-1 

benzo(b)nuoianthene 

5^2 

254.04 

2 

pyrene 

4.88 

202.26 

3.43 

0 

Kceaapthalene 

4J0 

152.20 

-1 

phenanthrene 

4.46 

178.22 

3.42 

0 

anthracene 

4  34 

178.23 

2.96 

0 

dibenz4aJi)anthraceoe 

4J2 

27835 

2 

fluorene 

4.18 

166.22 

0 

monochi  0  ronapUulene 

4.12 

163.00 

-1 

acenaplhcne 

3.92 

154.21 

2J9 

-! 

naphtbaleoe 

3.45 

128.17 

2.63 

1 

OROANOMhIAI.'! 

tctraelfayllead 

6.12 

4.00 

-1 

INORGANIC  CHEMTCAT.S 

Ag 

107.87 

>2.15 

2 

Al 

26.98 

As 

74.92 

Cd 

112.40 

2.32 

2 

Cu 

63J5 

2.17 

_i 

Fe 

55.85 

.1 

H« 

200J9 

3.70 

N4n 

54.94 

,1 

Ni 

58.71 

1.78 

2 

Pb 

207.20 

3.00 

Sb 

121.75 

0.00 

•1 

Se 

78.96 

0.80 

Zo 

6537 

-1 

LEGEND: 

mines  miscitHlil; 

of  chemical 

KOW       -Kxaanol/waler  coefficient  deter 

MW          -molecular  weight  of  the  chemica] 

log  BCF  -  chemical  uptake  has  a  logrithmic  relationship 

BCF         -Bio-Conccntratjon  Factor 

Carcinogenicity  is  rated  on  a  tcale  of  -2(low)  lo  +2<extrein 

e) 
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TABLE  4.7(d) 
Acute  Toxicity  Values 


LC50  (m  mo 

les/L) 

Rainbow 

Blupgllh 

Fatbead 

Chemtcal 

KOW 

Trout 

Minnows 

CHI.OROnFN-ZFNF.S 

he  xachloro  benzene 

5.23 

0.0OO43O 

pciUachlorobcDzene 

5.19 

0.009800 

0.001000 

0.001000 

l,2J,4-letrachlorobcnacne 

4.99 

0.002300 

O.OOSIOO 

1 ,2,4^-tetrachlorobenzcne 

4.97 

0.007410 

0.007200 

1 ,2;3^-tetrachiorobeii2ene 

4.46 

0.007100 

0.029600 

1 .2  3-trichloroben2enc 

4.26 

0.275000 

l,3^-trichloroben2cne 

4.26 

0.275000 

1 ,2 .4-Iricblorobenzene 

4.23 

0.018700 

0.016000 

1  ^-didiloro  benzene 

3.38 

0.017000 

0.038100 

0388000 

1 3-dichlorobcnzene 

338 

0.006000 

0.034000 

0.053000 

t  .4-dichloro  benzene 

3J8 

0.009900 

0.029000 

0.027000 

CmOROPITFNOI.S 

pentachlorophcnol 

5.01 

0.000600 

0.000720 

0.000852 

2,3,4^-leirachlorophenol 

4.10 

2,4J-trichlorophcnol 

3.84 

0.002300 

2,3  ^-trichlorophenol 

3.70 

2,4,6-trichloro[^nol 

3.62 

0.002900 

0.001600 

0.003000 

2,3 ,4-trichlon)pbenol 

3.61 

3 ,4-dichloro[4)enol 

3.13 

2.3-diclilorophenol 

3.10 

2,4-dichIorophenol 

3.08 

0.016000 

0.012400 

0.050000 

2,6-dichlorophenol 

2.88 

0.016000 

0.01 2000 

HAI  .OGFNATF.n  Ai  irvn  jm 

3.89 

0.000090 

0.000230 

0.000090 

gamma  BHC 

ilptu  BHC 

3J6 

0.000258 

HAI  .OGFN ATFn  AI  .TPHATIPS 

3.74 

0.001250 

0.000390 

hexachlorobuudicne 

carbon  letnchloridc 

2.64 

0.810000 

0346000 

0.170000 

letradiloroethy  lene 

2J3 

0.078000 

0.081200 

tiichJoroeihyleoe 

X47 

0.309500 

tribromoeUiane 

2.30 

0.114800 

0.115000 

1,2-dichloroethyleDC 

2.00 

chlorodibromoethane 

2.00 

chJorofoim 

1.95 

OJIOOOO 

l,2--dichloix>ethane 

1.79 

4.350000 

1.192000 

methylene  chloride 

IJl 

2,490000 

2.146000 

O-niFR  CHI.ORINATFnCOMPOtrNTK 

6.29 

0.001760 

oclachlorostyrene 

Total  PCB's 

5.00 

metboxychlor 

430 

0.000064 

0.000179 

0.000110 

loxaphene 

330 

0.000013 

0.000045 

0.000034 

MIRHX  AND  DERIVATrVF.S 

6.89 

>0.183 

>0.183 

>0.183 

mircx 

ptioiomirex 

6.00 
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TABLE  4.7(e) 
Acute  Toxicity  Values 


LC50  (m  moles/L) 

Rainbow 

Blucfllls 

Fathead 

Chemical 

KOW 

Trout 

Minnows 

DioxiNSAMnniRAN.'; 

08CDF 

6.70 

H7CDF 

6.50 

08CDD 

6J0 

H6CDF 

6.30 

H7CDD 

630 

H6CDD 

6.10 

P5CDF 

6.00 

P5CDD 

5.80 

2.3,7,8  TCDF 

5.70 

T4CDF 

5.70 

T4CDD 

5.50 

1.74e-10 

DDTANDMF.TAROI.HK*: 

DDE 

5.69 

0.000100 

0.001260 

TDE 

5.75 

0.000220 

0.000130 

0.013700 

o.p'  DDT 

5.75 

p.p'DDT 

5.75 

0.000027 

0.000023 

0.000054 

CHT  .ORINATRD  PHENOXY  rO\fPOirN 

3.93 

0.054900 

0.035600 

0.001300 

silvex 

2.4.5-T 

3.72 

0.003800 

0.001760 

>0.0391 

2.4-D 

2.81 

0.004980 

0.004100 

0.000600 

CYa.OniF.NF.S 

aldrin 

5.67 

0.000020 

0.000040 

0.000036 

dicldrin 

5.48 

0.000026 

0.000021 

0.000042 

hepUichlor 

5.44 

0.000051 

0.000509 

0.000019 

hcptachlor  qwxidc 

5.40 

0.000051 

0.000014 

chlordane 

5.16 

0.000050 

0.000140 

0.000090 

cndrin 

4J6 

0.000018 

0.000016 

0.000016 

eodosulphan 

3.60 

0.000740 

0.000010 

0.000002 

PHTHA1,ATF.S 

dioctyl  phlhalate 

4.00 

bis-2-ethyl-hexyl  phthalate 

5.11 

>0.256 

>0.256 

>0.256 

AROMATrrS 

1 

eihyl  benzene 

3.15 

0.033800 

OJ30200 

0.398400 

benzene 

2.11 

0. 103000 

0.280000 

0.410000 

aniline 

0.90 

0J89000 
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TABLE  4.7(f) 
Acute  Toxicity  Values 


LC50(mma 

les/L) 

RalDbow 

BlueglUs 

Fathead 

Cbemica]                                                       KOW 

Trout 

Mhuiows 

POI.YCYn  ir  ARflMATIC  irVDROTAR 

1 

ONiT 

benzo(d)nuoranthene 

6.06 

bcnzo(a)pyrcne 

6.06 

bcnzo(g4i,i)peiylenc 

6.05 

indcnopyrenc 

6.00 

chiysene 

5.61 

fluoranlhene 

533 

0.019800 

benzo(b)nuorantheRe 

5.22 

pyrene 

4.88 

0.000150 

acenaptithalene 

4J0 

phcnanlhrenc 

4.46 

anthracene 

AM 

dibenz(aJh)anthraceDc 

4J2 

fluoirne 

4.18 

0.004600 

monoch  1  oronaphtba)ene 

4.12 

0.0 13900 

accDapthene 

3.92 

0.006000 

naphUialeiie 

3.45 

0.005500 

0.053800 

ORGANOMKIAT.1 

(ctiaethyllead 

6.12 

0.000034 

INORGANIC  CHEMICALS 

Ag 

0.000121 

0.000370 

Al 

7.400000 

As 

0J56400 

0.198000 

Cd 

0.000089 

0.007400 

Cu 

0.002400 

0.055000 

0.003900 

Fe 

>0.I8 

Hg 

0.000800 

0000790 

Md 

Ni 

0J45100 

0048000 

Pb 

0.005790 

0.1 14900 

0.031200 

Sb 

0.074000 

Se 

0.072200 

0.028400 

Zn 

0.030000 

0.229000 

0.121000 

LEGENP; 

KOW  -octanol/waicr  coefficient  detemuoei  iniscit»iity  of  di 

emical 

LC50  -conccniration  which  is  lethal  to  50%  of  the  tell  organ 

sms 
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TABLE  4.7(g) 
Chemical  Properties 


Chemical 

CAS  NO 

MW 

kcKOW 

logBCF 

Cin.ORORT-NTTFNF.S 

2.4 .5-trichloroiolucnc 

6639-30-1 

195.47 

4.94 

chlorobcnzeac 

108-90-7 

112.60 

2.84 

2.6S0 

CHLOROPHFNOI.S 

p-chloro-m-cirsol 

59-50-7 

142.89 

3.10 

2'Chlorophenol 

95-57-8 

128^6 

2.19 

2330 

NITROPHRNOI.S 

4  niirophcnol 

100-02-7 

139.11 

1.91 

2.100 

2  niirophcnol 

88-75-5 

139.11 

1.77 

2.4  dinitropbenol 

51-28-5 

184.11 

IJl 

4,6  dinitjo-o-cresol 

524-52-1 

198.13 

1.07 

ALKYl.PHF.NOI.<i 

2,4  dimclhylphcnol 

105-67-9 

122.16 

2.42 

2.180 

nienol 

108-95-2 

94.10 

1.49 

AROMATICS 

EHphenylamioe 

122-39-4 

169.23 

3J9 

1.480 

l,2diphenyldnzuie 

122-66-7 

184.26 

3.03 

Siyrtne 

100-42-5 

104.14 

2.95 

Toluene 

108-88-3 

92.14 

2.69 

1.850 

Benzidine 

92-87-5 

184  26 

1.81 

NTTRO  AROMATirS 

2,4  dinitrotolucnc 

121-14-2 

182.15 

2.10 

2,6  dinitroatoluene 

606-20-2 

182.15 

2.00 

oitro  benzene 

98-95-3 

123.12 

1.88 

1.180 

SMALL  HALOGENATKn  ALTPHATirs 

Hexachloroethanc 

67-72-1 

236.76 

3.93 

2.140 

1 . 1  ^-Iricbloroethane 

79-00-5 

133.41 

2.42 

1 , 1  ^.2-ietrachloroethane 

79-34-5 

167.85 

2J9 

0.900 

1 , 1 ,1  -Irictiloroethane 

71-55-6 

133.41 

2.17 

0.950 

1.2  dichJoropropane 

78-87-5 

I1Z99 

2.16 

1,1  dichloropn>pane 

75-34-3 

98.96 

1.79 

cis  1,3  dichloropropane 

10061-01-5 

110.97 

1.74 

Oiloroethane 

75-00-3 

64.52 

1.54 

i ,  1  -dichloroethy  lene 

75-35-4 

96.95 

1.48 

Qiloroeihylcne 

75-01-4 

6230 

1.40 

bromomethane(methylbTOmide) 

74-83-9 

94.95 

I.I9 

chloromethaneCmethyldiloride) 

74-87-3 

50.49 

0.91 

HALOKiHFRS 

4  bromophenyl  phenyl  etfaer 

5.07 

4  chlorophenyl  phenyl  ether 

4.92 

Bis(2-chloroethoxy)melhanc 

111-9M 

173.05 

1.50 

Bis(s-chl  oroisopropyl>etber 

108-60-1 

171.08 

1.12 

1.040 

2  diloroethyl  vinyl  ether 

110-75-8 

106J5 

1.00 

bis(2-chloroethyl)elher 

111-44-4 

143.01 

0.95 
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TABLE  4.7(h) 
Chemical  Properties 


ChcmJca]                                                           CAS  NO 

MW 

log  KOW 

log  BCF 

CYC\.or>w.r^Si 

HexachlorocyclopcnUdiene 

77-47-4 

272.75 

3.99 

1.040 

Endosulfan 

1 15-29-7 

406.91 

3.60 

Endrin  Aldehyde 

PHTHAl.ATRS 

Di-n-butylphlhalate 

84-74-2 

278J4 

5.20 

3.820 

Buty  Ibenzy  IphUulate 

85-68-7 

312.40 

4.73 

2.820 

DimethylphthaJate 

131-11-3 

194.18 

1.61 

1.760 

Dicthylphthalate 

84-66-2 

222.24 

1.40 

2.070 

POLYCYO.IC  AROMATIC  HYDROCARBONS 

bcnzo(b)nuoranlhenc                                         205-99-2 

25232 

6.20 

Benzo(a)anthracene 

56-55-3 

228.30 

S.6I 

4.000 

1  -methyloaphthalene 

90-12-0 

142.20 

3.96 

2.480 

2-mcthyliiBphthaleBe 

91-57-6 

142.20 

3.95 

2.480 

NITROSOAMTNRS 

N-nilrosodlj  pheny  tamine 

I56-I0-5 

198.23 

3.13 

N  -  nit  ro  sod  i  propy  lamioe 

621-64-7 

130.22 

IJO 

o-nitrosodunethy  lamine 

62-75-9 

74.08 

-0J7 

OTHER  ORGANIC  CHFMTCAI  .S 

3.3'  dichlorobenzidine 

91-94-1 

253.14 

2.76 

2.700 

Isophorone 

78-59-1 

138.21 

1.67 

0.850 

Acrylonthle 

107-13-1 

53.06 

UO 

Acrolein 

107-02-8 

56.10 

0.90 

2J40 

INORGANIC  CHF.MTCAI.S 

Asbestos 

1332-21-4 

Thallium 

7440-28-0 

204J7 

Chromium 

7440-47-3 

52.00 

2J01 

.Er.FND: 

'icient  dctem 

lines  miscibility  of  ch 

smical 

KOW                 -octanol/water  coef 

MW                   -molecular  weight  of  the  chemic 

al 

log  BCF              -chemical  uptake  has  a  logrithm 

c  relationship 

BCF                  -Bio-Concentration  Factor 

CAS  NO           -Chemical  Abstracts  Service  reg 

istration  number 
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TABLE  4.9 

List  of  Aquatic  Criteria,  Objectives  and  Standards 


(Values  are  ug/1) 


Chemirfll 

EPA 

DEC 

UC 

MOE 

EC 

Aquatic    Health 

Aquatic 

Health 

Aldrin 

0.001(c) 

0.002 

0.001(c) 

0.001(c) 

0.004(c) 

Benzo(a)pyTene 

0.0012 

0.002 

Benzo(b)fluoranthene 

0.002 

Benzo(k)  fluoranthene 

0.002 

Benz(a,h)anthracene 

0.002 

BHC,  alpha- 

0.01 

0.02 

BHC,  gamma- 

0.01 

0.02 

Bis(2-ethylhexyl)phthalate 

0.6 

4 

0.6 

Cadmium 

1.1(b) 

10 

1.5 

10 

0.2 

0.2 

0.8(b) 

Carbon  tetrachloride 

0.4 

Chlordane 

0.0043 

0.002 

0.02 

0.06 

0.06 

0.006 

Chloroform 

1240(a) 

0.2 

Chromium 

note  1 

note  2 

279 

50 

100 

2 

Chrysene 

0.002 

DDT  and  metabolites 

0.001 

0.001 

0.01 

0.003 

0.003 

0.001 

Dichloroethane,  1^- 

20000(a) 

0.8 

Dieldrin 

0.0019 

0.001(c) 

0.0009 

0.001(c) 

0.001(c) 

0.004(c) 

Di-n-octyl  phthalate 

50 

Endosulphan.  alpha- 

0.056 

0.009 

0.003 

0.02 

Endrin 

0.0023 

0.2 

0.002 

0.2 

0.002 

0.002 

0.0023 

Fluoranthene 

50 

Heptachlor 

0.0038 

0.001(d) 

0.009(d) 

0.001(d) 

0.001(d) 

0.01(d) 

Heptachior  epoxide 

0.001(d) 

0.009(d) 

0.001(d) 

0.001(d) 

0.01(d) 

Hexachlorobenzene 

0.02 

0.0065 

0.0065 

Hexachlorobu  tadiene 

9.3(a) 

1 

0.5 

0.1 

Hexachloroethane 

540(a) 

Lead 

3.2(b) 

50 

5.1 

50 

25 

7 

2(b) 

Mercury 

0.012 

2 

0.2 

2 

0.2 

0.2 

0.1 

Methoxychlor 

0.03 

100 

0.03 

35 

0.04 

0.04 

Mirex 

0.001 

0.001 

0.04 

0.001 

Naphthalene 

620(a) 

10 

PCBs,  total 

0.014 

0.001 

0.01 

0.001 

0.001 

Pentachlorophenol 

13(c) 

0.4 

1 

0.5 

0.5 

Pyrene 

50 

Tetrachlorobenzene 

10 

0.1 

0.1 

Tetrac  hlorod  iben  zof  uran 

Tetrachlorodibenzo-p-dioxin 

0.00001 

0.00001 

Tetrachloroethylene 

840(a) 

1 

0.7 

260 

Trichlorobenzene,  1^,3- 

5 

10 

0.9 

0.9 

Trichlorobcnzene,  1,2.4- 

5 

10 

0.5 

0.5 

Trichiorobenzene,  1.3,5- 

5 

10 

0.65 

0.65 

Trichlorophenol.  2.4.6- 

970(a) 

1 

1 

a  =insufficient  data  to  develop  criterion,  value 

presented  is 

lowest  ob 

served  effect 

level 

b  =hardness  dependent  criterion  (lOOmg/i  useti 

) 

c  =sum  of  aldrin  and  dieldrin 

d  =sum  of  heptachlor  and  heptachlor  epoxide 

e  =pH  dependent  criterion  (pH  =  7.8  used) 

note  1  -1  lug/1  for  hexavalent  chromium;  210  u 

g/1  for  trival 

enl  chrom 

mm  @  100m 

g/lhardne 

ss) 

note  2  -50ug/]  for  both  hexavalent  and  trivalen 

t  chromium 

{@  lOOmg 

yi  hardness) 
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TABLE  4.13 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mesn  CoDccDtraUoD 

kaw 

Treated 

Water 

Water 

GENERAIPARAMrrKHS 

Total  Alkalinity  (as  CaC03) 

1984-83,1981,1978 

93(20) 

8i6(I0) 

Chlonde.Unfillered  Reactive  (ss  CI-) 

1984-83.1981 

5.8(14) 

17.3(4) 

Colour        (i)  HZU 

1984-83,1978 

<4.3(19) 

1983.1978 

<1.0(7) 

Cii)  TCU 

1984 

5.8(1) 

1984-78 

1J(3) 

Fluonde.Unfiltered  Reactive  (as  F-) 

1984-83.1981 

0.12(3) 

0.12(4) 

Toul  Hanfaiess 

1984-83.1981,1978 

118(20) 

111(10) 

Nitrate  Nitrogen  (as  N) 

1983.1981 

0^) 

1984-1983,1981 

0.2(4) 

Nitrite  Nitrogen  (a«  N) 

1981 

<aoi(i) 

1984-83,1981 

0.0(4) 

PH 

1984-83.1981,1978 

7.7(10) 

8.2(20) 

Sodium.  UarilLReaa.(as  Na) 

1983 

9.0(1) 

1984-83 

8.8(3) 

Tuibidity 

1984-83.1981, 

2.9(20) 

0.29(10) 
1978 

MICROBIOIOCIPAI 

■       i 

Bacti  Fecal  Colifonns 

1984 

28(48) 

Bacti  Fecal  Streptococci 

1984 

12(50) 

Bacti  Total  Coliforms 

1984 

182(50) 

Background 

1984 

22.950(50) 

RAmOI.OGirAI, 

Alpha,  Gross 

1980 

<1(1) 

Beta,  Grois 

1980 

2(1) 

Cesium             Cs  134 

1980-1979 

<23a) 

Ci  137 

1980-1979 

<23a) 

Cobalt               Co  60 

1980-1979 

<23(2) 

Radium             Ra(226) 

1980 

0.1(1) 

Strontium           Sr89 

1980-1979 

<0.3(2) 

Sr90 

1980-1979 

0.7a) 

LEGEND: 

Concentrations  are  mgA-  (ppm)  for  parameters  on  this  page  (if  applicab 

le) 

Concentrations  are  ug/L  (ppb)  for  metals  and  organic  parameters 

Numbers  in  brackets  indicate  number  of  samples  used  lo  calculate  meai 

fl 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Concentration 

Raw                            Treated 

Wtttfr                                       Wot.r 

iNORrwANir 

Aluminum,  Unfilt.ToLCas  AI) 

1984 

143(2) 

1983 

20(1) 

77(1) 

1981 

66(1) 

310(1) 

Antimony,  UnfULTot.(as  Sb) 

1984 

0(2) 

Anenic.  Uarilt.ToL(Bs  As) 

1984 

0(2) 

1983 

<1(1) 

<1(1) 

1981 

<iO) 

<1(I) 

Barium,    UnrilLTol.(aa  Ba) 

1984 

11 

1983 

18(1) 

17(1) 

1981 

18(1) 

17(1) 

Beryllium.  Unfill.ToL{as  Be) 

1984 

0(2) 

1983 

<I0{1) 

<10(!) 

Boron.      Unfill.Tot(«s  B) 

1981 

<0.02(1) 

<0.03(1) 

Cadmium,    Unfill.ToL(as  Cd) 

1984 

0(2) 

1983 

<2(1) 

<2(1) 

1981 

03(1) 

0J(1) 

CaJdum.    UofilLToUas  Ca) 

1984 

33.9a) 

1983 

37J(1) 

38.7(1) 

Chromium.  UnfilLToL(as  Cr) 

1984 

2a) 

1983 

<10(1) 

<I0(1) 

1981 

2 

1 

Cobalt,     UnfiItToL(as  Co) 

1983 

<0.010(1) 

<0.010(1) 

C(^)per.     Unfill,ToL(a!  Cu) 

1984 

4(2) 

1983 

80(1) 

50(1) 

1981 

26(1) 

5(1) 

Cyanide,       Avail. UnfJ4eacI.(aaCN) 

1984 

4(1) 

1983 

0(1) 

0(1) 

1981 

<10(1) 

<10(1) 

Iron,      UnfilLTot(a5  Fc) 

1984 

0.22 

1983 

0.07(1) 

1981 

0.025(1) 

0.005(1) 

Lead.       UnniLToL(as  Pb) 

1984 

0(2) 

1983 

<30(1) 

<30(1) 

1981 

4(1) 

<3(1) 

Magnesium.  UnfilLToL(as  Mg) 

1984 

8.0(2) 

1983 

8.90(1) 

8.45(1) 

Manganese.  UnfilLTot.(as  Mn) 

1983 

0.(X)0(1) 

0.012(1) 

1981 

0.002(1) 

0.002(1) 

Mercury,    Unfiit.ToL(aa  Hg) 

1984 

0(2) 

1983 

0.01(1) 

0.01(1) 

Nidtel,     UnrilLToL(as  Ni) 

1984 

oa) 

1983 

<10(I) 

<10(1) 

1981 

2(1) 

2(1) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Concentration 

Raw                            Treated 

Water                         Water 

SelcDium.  UQrilLTot.(a3  Se) 

19S4 

oa) 

1983 

<1 

<i 

1981 

<1 

<i 

Silver.    UQraLT<H.(u  Ag) 

1984 

oa) 

1983 

<5(1) 

<5(1) 

1981 

<5(1) 

<5(1) 

Strontium.  Unfilt.ToL(M  Sr) 

1983 

0.160(1) 

0.140(1) 

Zinc.      Unnil.ToL(«s  Zn) 

1984 

20) 

1983 

<10{1) 

<10(1) 

1981 

4(1) 

2(1) 

ADDITIONAL  DATA 

Calcium 

1983 

27(5) 

28(3) 

Magnesium 

1983 

6.9(5) 

5-2(5) 

Molybdenum 

1983 

<0.010(1) 

<0.010(1) 

Sodium 

1983 

9.0(1) 

9.5(1) 

1981 

10(1) 

10(1) 

Titanium 

1983 

<0.010 

<0.010 

Vanadium 

1983 

<0.010 

<0.010 

VOI,ATII.F.OBf:AVir^« 

1984 

0(2) 

Benzene 

1983 

0.1(1) 

0.1(1) 

1982 

0.0(4) 

0J(14) 

1981 

03(6) 

0.2(3) 

1980 

0.3(11) 

0.6(9) 

1979 

0.030(6) 

0.173(3) 

1978 

0.18(2) 

Bromofonn 

1983 

a4(ll) 

1982 

0.4(21) 

1981 

03(10) 

1980 

0(4) 

0^(11) 

1979 

0.4(4) 

Caibon  tetrachloiide 

1984 

oa) 

1983 

0(1) 

0.1  a) 

1982 

oa) 

03(4) 

1979 

0(2) 

0.05(1) 

Chloro  benzene 

1984 

oa> 

1983 

0(1) 

1979 

oa) 

Chlorodibnnnomethanc 

1984 

sa) 

1983 

0(4) 

3.9(11) 

1982 

0(6) 

4.401) 

1981 

0(4) 

4.0(10) 

1980 

0(5) 

4.0(11) 

1979 

0(2) 

■mc5) 
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Chemical  Monitoring  Results  for  Raw  and  Treated  Driniting  Water 

Niagara  Falls  Water  Treatment  Plant 


dlorofoim 


Dibromomelhane        (Methylene  bromide) 

Dichlorobenzeot  1^- 

Dichlorobcnzeoe  1,3- 
Dichlorobenzene  1,4 

Dichl  orob  romom  cthan  e 
Dichloroethane  1^- 

Dichloromethanc       (Methylene  chloride) 


DichloropropBite  1^ 

He  X  achlorobutadiene 

PenUchlorobenzene 

Styrene 


Tetrachlorobenzcoe  1,2,3,4- 
Tetrachlorocthanc  1.1.2,2- 

Tetrachloroethylene 


Toluene 


Mean  CoDceolnUim 

Period 

Raw                                  Tmiw^ 

Water                            Water 

1984 

I2a) 

1983 

0^(13) 

9.8(12) 

1982 

0.3(19) 

1X7(22) 

1981 

0^(8) 

9.1(11) 

1910 

<0.2(11) 

5J(11) 

1979 

0.1(6) 

14.4(5) 

1978 

0(1) 

1984 

0(2) 

1982 

0.1(2) 

o.ia) 

1984 

0(1) 

1983 

0(2) 

1984 

0(2) 

1984 

oa) 

1982 

<0.1(1) 

<0.1(1) 

1982 

0.0(1) 

4Ja) 

1984 

0(2) 

1982 

0.1(1) 

1984 

0(2) 

1983 

0.0(2) 

1983 

8J(9) 

10.6(8) 

1981 

0-5(7) 

0.67 

1980 

1.8(10) 

1.4(5) 

1984 

0(2) 

1980 

0(1) 

1984 

0(2) 

1984 

0(2) 

1984 

oa) 

1983 

0.1(1) 

1982 

<0.1(1) 

1980 

0(3) 

0(1) 

1984 

oa) 

1984 

oa) 

1982 

0(1) 

1983 

0(2) 

0(1) 

1982 

0.1(4) 

0.0(4) 

1981 

0.0(2) 

1980 

0.0(3) 

0.0(1) 

1979 

0.0(5) 

0.0(4) 

1983 

0.1(10) 

0.3(10) 

1982 

<0.1(15) 

0.4(18) 

1981 

0.0(6) 

0.1(6) 

1980 

0.0(3) 

0.1(12) 

19V9 

0.1(6) 

0.05(3) 

1978 

0.06(3) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Conceniration 

Raw                               "Ireated 

Wtter                             Water 

Trichlorobenzcne  1.23- 

1984 

oa) 

Trichlorobcnzcnc  1.2,4- 

1984 

0(2) 

Trichlorobenzcne  I,3J- 

1984 

0(2) 

Tricblorocthjine  1,1,1- 

1984 

oa) 

1983 

0(1) 

1982 

0(5) 

oa) 

1981 

0.1(3) 

0.1(3) 

1980 

Op) 

0.4(1) 

1979 

0.2(1) 

Trichloroethylene 

1983 

0.0(3) 

0.0(1) 

1982 

0.1(6) 

0.0(6) 

1981 

0.1(2) 

0.0(4) 

1980 

0.0(6) 

0.0(4) 

1979 

0.007(6) 

0.008(4) 

1978 

0.0(1) 

Xylene  13- (meu-) 

1983 

0.1(1) 

0.1(6) 

1982 

0.1(1) 

0.1(16) 

1981 

0.1(1) 

0.1(6) 

1980 

0.1(1) 

0.2(1) 

Xylene  1,4-  (pan-) 

1982 

TKd) 

TOCD 

Aririitinnnl  nntn 

Acetone 

1983 

0.3(12) 

03(10) 

1982 

1.0(11) 

13(14) 

1981 

0(1) 

0.4(1) 

Carbon  Disulphide 

1983 

0(3) 

0.1(1) 

1980 

0(1) 

0(3) 

1979 

0(1) 

1R(1) 

Qilorodibromocthane 

1984 

oa) 

Chloro{difluorochJ  oromethy  Ibenzene 

1984 

oa) 

Qilorototuene 

1984 

o.oa) 

1978 

0.0(2) 

3-Chloro(trifluoromelhylben2eiie 

1984 

oa) 

m-Chlorotrifluorotoluaic 

1984 

0(2) 

Dichiorobaizenc 

1980 

00) 

1978 

0(1) 

Oichlorobromomettune 

1984 

5(2) 

1983 

0(4) 

63(11) 

1982 

0(2) 

8.4(20) 

1981 

0(6) 

8.6(10) 

1980 

0.0(9) 

7.0(10) 

Methylpcntenes 

1984 

o.oa) 

1979 

TOd) 

Parachlorotrifluorotolucnc 

1981 

0(1) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 
Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Concentration 

Raw                          Treated 
Water                          Water 

1 ,2,4  ^-Telrachlorobenzenc 
TclrachJoroethane 
Tctratiil  orolotucncs 
l,i.4-Trichlorobutadienc 

Trichloroethane 

2,4  J-Trichloroiolucne 
Tridiloro-trifluorocthane 

alpha.alpha,alpha-  TribJuoromethyibrnTme 
Trimcthylbeozenes 

Xylene 

1984 
1984 
19S4 
1983 
1982 
1981 
1984 
1979 
1984 
1981 
1979 
1984 
1984 
1978 
19S0 
1979 
1978 

0(1) 

0.0(1) 
0.0(1) 

0.0(1) 
0.0(5) 

O.oa) 

0.0(3) 

0.005a) 

oa) 
oa) 

03(11) 
0.2(18) 
0.2(1) 

oa) 

0(1) 
0.007  a) 

o.oa) 
o.oa) 

0.0(3) 
0.0(3) 

BASR-NKlTRAI.OI^^JAiVIQf 

1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 

1984 
1981 
1980 
1980 
1984 
1984 
1981 
1980 
1980 
1983 
1983 
1980 

0(1) 
0(3) 
<0.1(3) 

oa) 

0(1) 
0(3) 

0(2) 

oa) 
oa) 
oa) 
oa) 
oa) 
oa) 
oa) 
oa) 
oa) 
oa) 
oa) 

oa) 

0(1) 
0(3) 
0(1) 

oa) 

oa) 

0(1) 
0(1) 

0.1  a) 

0.4(1) 

Anthracene 

Benz(a)anthraccne 

Benzo(b)n  uoranlhene 

Ben20{k)fl  uoranlhene 

Benzo(gJi,i)pcrylenr 

Benzo(B)pyrenc 

te  s(2-Ethy  Ihexy  l)[*th«iate 

Chrysenc 

Ruoranthcne 

Fluorene 

Phenanlhrcnc 

Pyrcne 

Adrtltlnnnl  !>«»» 
Bcnaldehydc 

Benzencsufonamide 
Butanal 

Butan-2-al 
n-Butanol 
l-Buunol 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Concentration 

Kaw                             treated 

Water                         Water 

Chloroantbracencs 

I9S4 

0(2) 

Chlorohydroxy{riicnoUianzene$ 

IM4 

0(2) 

Chloromethyd  ipheny  Imethane 

19M 

0(2) 

Ch  1  orom  e  tho  X  y  ben  zo  pbcoonc 

1M4 

oa) 

Chloronapbthaleou 

19M 

0(2) 

CumcQC 

1979 

oa) 

I>ibcii20(a4i)-anlhr»rme 

19M 

oa) 

Di-n-butyl[^lhalate 

1984 

0(1) 

Dictiloroanthrkcenei 

1984 

oa) 

Dichlorometliylbis-       ([AenylmethyO-benzene 

1984 

oa) 

Dichloromelhyldipbenylmetbuie 

1984 

oa) 

DJchloronaphthalenes 

1984 

oa) 

2,4-Dicfaloro-2-pheDoxyeIhuiol 

19t4 

oa) 

DichloFo(trif)uoroRietbyl)-      benzopbenoae 

1984 

oa) 

Ehme  thy  1  tni  Uoe 

1984 

oa) 
oa) 

N,N  DinicUiyl-2-propcaanii(lc 

19S4 

Dioctylphthalite 

1M4 

0(1) 

Dioxin 

19t2 

0.002(7) 

0.0(7) 

1981 

0.0(10) 

0.0(10) 

iMO 

0.0(12) 

0.0(12) 

Di[4ienyinuorDiiieUuuie 

19M 

oa) 

0.10) 

Ethanal 

1983 

0(3) 

1982 

0-1(1) 

0(1) 

Furan 

1982 

oa) 

HepUntl 

1983 

0(1) 

HCB 

1984 

<1(3) 

<1(5) 

1983 

<1(20) 

<1(19) 

1982 

<I(19) 

<iao) 

1981 

<1(12) 

<1(10) 

1980 

<1(11) 

<1(7) 

1979 

<1(7) 

<1(5) 

1978 

<1(1) 

1975 

<m 

1974 

<I(1) 

Hcnachlorotoluenc 

1984 

oa) 
oa) 

Hexaniii 

1984 

1983 

0(1) 

OJ(I) 

1982 

0J(1) 

1981 

0.1(3) 

1980 

<o.i&) 

0.2a) 

Hexanone 

1980 

0(1) 

Hexanooes 

1984 

oa) 

Isobutanal 

1984 

0(2) 

1979 

TRCD 

Isobutanol 

1984 

oa) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Concentration 

Raw                          Treated 
Water                       Water 

Isopropanol 
Mctbylethyl  Ketooe 

Mcthylfunui 

Methylnaphthalcnea 

2  Melhylpyrrole 

Pcnuchlonmisole 

Pentachloromethtybis  (i4ienylmettayl>beazaie 

PenUchlorololucne 

Phenothiazine 

Propanol 
Propylene  sulfide 
TCDD 
Tetradilorodioxins 

TetracWoronicthylbis-(phenyliiiclhyl)-brmrne 
Tetrabydrofunui 

TrichloroanthraceDes 
Trichlorodiphenylmethane 
Trichloromethylbis-(phenylnicthyI)- benzene 

1982 
1983 
1982 
19S1 
1984 
1983 
1982 
1980 
1984 
1983 
1984 
1984 
1984 
1984 
1982 
1912 
1981 
1984 
1984 
19^ 
I9N 
1981 
1980 
1979 
1978 
197S 
1974 
1984 
1984 
1983 
1982 
1981 
1984 
1984 
1984 

O.oa) 

0.1(5) 
0.0(5) 
0.1(1) 

0.1(1) 

TRd) 

0(1) 

0^(1) 
0A(1) 

<1C2) 
<1(3) 
cl(7) 
<U10) 

<i(n) 

<1C7) 

<i(i) 

<i(i) 
<i(i) 

0(8) 

0.0(2) 

0.0(6) 

03(4) 

0.2(19) 

03(1) 

0.0(2) 
0.2(1) 

0(2) 

0(2) 
00) 
0(2) 
0(2) 

0.1(1) 

0.0(2) 

<1(2) 

<1(3) 

<1C7) 

<I(10) 

<i(7) 

<1(5) 

0.0(2) 

oa) 

03a) 

o.oa) 

0.0(7) 

o.oa) 
o.oa) 
o.oa) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


PESTirmRS  &  PTH. 

Aldrin 


BHC  (alpha-) 


Bets-BHC 


Period 


BHC  (^amnu-)  Lindane 


Chlordane 

Dieldrin 


19l< 

tm 

IMS 
19tl 
1910 
1979 
197S 
19TS 
19H 
19M 

im 

i9n 

1981 

1910 

1979 

1971 

1975 

19M 

t9M 

19» 

1982 

I9tl 

1990 

1979 

1971 

1975 

1974 

19M 

1983 

1982 

1981 

1980 

1979 

1978 

1975 

I9M 

1984 

1984 

1983 

19S2 

1981 

1980 

1979 

1978 

1975 

1974 


Mean  Concentration 


Raw 
Water 


<I{3) 

<1{20) 

<!a9) 

<nm 
<iai) 

<1(7> 
<U1) 

<ia) 
<ia) 

4(3) 

<2(22) 

<5C37) 

<4(I9) 

<3(17) 

<2(8) 

<I(I) 

<ia) 
<m 
<m 

<1(I9) 
<1(22) 

<i(ii) 

<U13) 

<1(8) 

<U1) 

<1(1) 

<1(1) 

<1(3) 

<I<20) 

2(29) 

<1(14) 

<U16) 

<1(7) 

<ia) 

<U1) 

<i6a) 

<2(3) 

<2(20) 

<2(19) 

<2(I0) 

<2(13) 

<2(10) 

<2(1) 

<2(1) 

<2(I) 


Treated 
Water 


<1(3) 
<U19) 
<I(20) 
<U10) 

<1(7) 
<1(5) 


4(3) 
<3(21) 
<5(38) 
<4(19) 

<3(n) 

<1(6) 


<I(5) 

<1(18) 

<1(22) 

<UI1) 

<1(7) 

<I(6) 


<1(5) 

<U19) 

<I(33) 

<1(14) 

<1(8) 

<1C7) 


oa) 

<I(5) 

<2(19) 

<2(20) 

<2(10) 

<2(9) 

<2{7) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  CooccDtnilion 

Raw                            Treatol 

Water                         Water 

D2.4- 

1984 

oa) 

DDD(p.p) 

I9M 

<5{3) 

<5(5) 

1983 

<5(20) 

<5(19) 

1982 

<5(19) 

<5aO) 

1981 

<5(10) 

<5(10) 

1980 

<5(ll) 

<5(7) 

1979 

<5(7) 

<5(5) 

1978 

<5(1) 

1975 

<5(1) 

1974 

<5(1) 

DDE  (p,p) 

19M 

<I(3) 

<1(5) 

1983 

<1(20) 

<1(20) 

1982 

<1(19) 

<1(20) 

1981 

<U10) 

<100) 

1980 

<un) 

<1(7) 

1979 

<I(7) 

<1(7) 

1978 

<U1) 

1975 

<ia) 

1974 

<1(1) 

DDT(o4>) 

19S4 

<5(3) 

<5(8) 

1983 

<5ao) 

<5(I9) 

1982 

<5(19) 

<5(19) 

1981 

<5(I0) 

<5(10) 

1980 

<3{n) 

<5(7) 

1919 

<5(7) 

<5(5) 

1978 

<5(1) 

1975 

<5{1) 

1974 

<5(1) 

Endhn 

1984 

<4(3) 

2(5) 

1983 

<4(20) 

<4(19) 

1982 

<4(19) 

<4(20) 

1981 

<4{10) 

<4(10) 

1980 

<4(13) 

<6(8) 

1979 

<4(8) 

<4(6) 

1978 

<4(1) 

197S 

<4(1) 

1974 

<4(1) 

EndosuJpfaan  (aipha-J 

1984 

<2(3) 

<2(4) 

1983 

<2C20) 

<2(19) 

1982 

<2(19) 

<2(20) 

1981 

<2C10) 

<Z(10) 

1980 

<2(I1) 

<2(7) 

1979 

<2(9) 

<1C7) 

1978 

<2(I) 

1975 

<2(I) 

1OT4 

<2(1) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Perhx] 

M«wrt  rnnf»ntrfj^n 

Raw                            Treated 

Water                            Water 

Eodosulphan  (beta-) 

1984 

<4(3) 

<2(5) 

itts 

<4(20) 

<4(19) 

1982 

<4(19) 

<4(20) 

I9S1 

<4(10) 

<4(10) 

IMO 

<4(11) 

<4(7) 

1979 

<4(7) 

<4(5) 

19n 

<4(1) 

1975 

<4(I) 

1974 

<4(I) 

Hepuchlor 

1984 

<1(3) 

<1(3) 

19«3 

<I(20) 

<i(19) 

1982 

<1(19) 

<1(20) 

19SI 

<1(10) 

<1(10) 

1980 

<1(13) 

<1(9) 

1979 

<1(8) 

<1(6) 

1978 

<10) 

1973 

<1(1) 

1974 

<ia) 

Hepuchior  epoxide 

1984 

<ip) 

<I(5) 

im 

<I(20) 

<1(I9) 

i9n 

<1(19) 

<I(20) 

1981 

<1(10) 

<1(10) 

1980 

<1(11) 

<»C7) 

1979 

<1(7) 

<I(5) 

m» 

<10) 

1975 

<I{1) 

1974 

<10) 

Mirex 

1984 

<5P) 

<3(5) 

1983 

<4(26) 

<4(25) 

1982 

<3(35) 

<306) 

1981 

<3(20) 

<3(20) 

1980 

<3(21) 

<3(13) 

1979 

<304) 

<3(9) 

1978 

<2(3) 

1976 

0(2) 

1975 

<5(1) 

1974 

<im 

OxychlordUae 

1984 

<2C3) 

<2(3) 

1983 

<2(20) 

<2(!9) 

1982 

<UI9) 

<2(20) 

1981 

<2{9) 

<2(9) 

1980 

<2(11) 

<2C7) 

1979 

<2(7) 

<2(3) 

1978 

<2(0 

1975 

<2(I) 

1974 

<2(1) 

T?  2.4^- 

1984 

0(4) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  Cooceotnitlon 

Raw                            Treated 

Water                         Water 

Addlllonal  Datfl 

Alpha  Chlordane 

1984 

<2(3) 

<2(3) 

1983 

<2(20) 

<2(19) 

1982 

<2(I0) 

<2(10) 

1981 

<2(U) 

<2(7) 

1980 

<2(7) 

<2(5) 

1979 

<2(1) 

1978 

<2(I) 

1974 

<2(1) 

Gamma  Chlordane 

1984 

<2(3) 

<2(3) 

1983 

<2(19) 

<2(19) 

1982 

<2(I9) 

<2(20) 

1981 

<2(I0) 

<2(I0) 

1980 

<2(12) 

<2(8) 

1979 

<2(8) 

<2(6) 

1978 

<2(1) 

197S 

<2(I) 

1974 

<2(1) 

Endosulfan  Sul[Aale 

1984 

<4(3) 

<4(3) 

1983 

<4(20) 

<4(19) 

1982 

<4(19) 

<4(20) 

1981 

<4(9) 

<4(9) 

1980 

<4(n) 

<4(7) 

1979 

<4(7) 

<4(5) 

1978 

<4(1) 

OT3 

<4(1) 

1974 

<4(1) 

B-BHC  HexachloiQcydobex 

1983 

3(2) 

3(2) 

G-BHC  Hcxacblorocyclobex 

1983 

0(1) 

0(1) 

DMDT-Methoxycblor 

1984 

<3(3) 

<5(3) 

1983 

<5(19) 

<5(18) 

1982 

<5(19) 

<5(20) 

1981 

<5(9) 

<5(9) 

1980 

<5(11) 

<5C7) 

1979 

<3(7) 

<5(5) 

1978 

<5(1) 

1973 

<5(I) 

1974 

<5(I) 
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TABLE  4.13  (Cont'd.) 

Chemical  Monitoring  Results  for  Raw  and  Treated  Drinking  Water 

Niagara  Falls  Water  Treatment  Plant 


Period 

Mean  ConcentraUon 

Rbw 

Treated 

Water 

Water 

PCS 

1984 

<20(3) 

<12(5) 

1983 

<  15(26) 

<i4a5) 

1982 

<12C33) 

<iia6) 

1981 

<  10(20) 

<10(20) 

1980 

<12(23) 

<9(15) 

1979 

<10(14) 

<U(9) 

1978 

<10(2) 

1976 

0(1) 

1975 

<20(1) 

1974 

<20(l) 

Pentane 

1983 

111(1) 

1982 

0.9(1) 

1980 

0(2) 

0(1) 

AaD  EXTRACTABLE  ORGANICS 

PentachJorophenol 

1984 

OQ) 

Phenol 

1984 

0(2) 

Trichloropheaol  2,4.6- 

1982 

<0.04(8) 

<0.04(8) 

1981 

<0.03(10) 

<0.02(10) 

1980 

0(2) 

<0.04(4) 

Additiona]  Dau 

l-Bulylphcnois 

1984 

oa) 
oa) 
oa) 

Chlorohydroxybenzophenone 

1984 

Dichlorophenols 

1984 

Rienoli,  reactive 

1984 

oa) 

0(2) 

oa) 

<0.04(8) 

Tetramcthy  Ibuly  Iphcnols 

1984 

Trichlorophenols 

1984 

2,3,j-Trichloropbeaol 
<0.O6(8) 

1982 

1981 

<0.03(10) 

<0.03(10) 

23,4;2.4^-Trichlorophcnol 

1980 
1982 

0(2) 

<0.04(8) 

<0.04(4) 
<0.04(8) 

1981 

<0.03(10) 

<0.04(10) 

2,3.6-Trichloropbeool 

1980 
1982 

0(2) 
<0.04(8) 

<0.04(4) 
<0.06(8) 

1981 

<0.04(10) 

<0.04(10) 

1980 

0(2) 

<0.04(4) 

3,4  J-Trichlorophrnol 

1981 

<0.03(8) 

<0.03(8) 

1980 

oa) 

<0.03(4) 

LFfiENn: 

All  concentrations  ug/L  unless  otherwise  indicated 

Numbers  indicated  <  are  below  detection  limit 

Numbers  in  brackets  refer  to  number  of  analyses 

0  indicates  too  few  samples  (all  below  detection)  to  calculate  mean 

ADDll'lONAL  DATA  refers  to  compounds  not  on  priority  pollutant  lis 

t 
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TABLE  4.17 

Organochlorine  Residues  in  Yoiing-of-the-Year 

Spottail  Shiners  From  the  Niagara  River 

(Concentnlions  in  ng/g) 


Sampling 

Year     n 

PCB 

Tola! 

Mirex 

ChlordaDe 

Total 

HCB 

Octacfaloro 

Site 

# 

DDT 

BHC 

-•tyrene 

Niagara  River 

1982     6 

181+/-69 

31+/- 12 

ND 

6+/-4 

4+/-1 

TR 

ND 

Fo  It  Erie 

1983     7 

66+/-20 

7+/- 6 

ND 

ND 

TR 

ND 

ND 

Onl. 

1984     7 

1 18+/-12 

23+/- 8 

ND 

TR 

TR 

ND 

ND 

1985     7 

63+/- 10 

10+/.  6 

ND 

ND 

ND 

m 

ND 

1987     7 

34+/.27 

19+/- 2 

ND 

ND 

ND 

ND 

ND 

1989     7 

ND 

TR 

ND 

ND 

ND 

ND 

ND 

Frencfamu'i 

1980     5 

66+/-31 

13+/-  9 

ND 

9+/-3 

3+/-1 

ND 

NA 

Creek 

1981     5 

164+/-56 

37+/- 19 

ND 

TO 

1+/-1 

ND 

NA 

OdL 

1982     7 

2164-/.34 

37+/.  10 

ND 

8+/-6 

6+/-1 

1+/-1 

ND 

1983     7 

64+/-21 

24+/- 6 

ND 

■m 

ND 

ND 

ND 

1985     7 

81+A16 

73+/-49 

ND 

2+/.1 

ND 

2+/- 1 

ND 

1990     6 

78+/-21 

18+/-  5 

ND 

ND 

ND 

ND 

3H-1 

Petlit  Rume 

1984     7 

896*/-234 

14+/-  3 

ND 

4+/-1 

ND 

780+/-84 

28+/.  13 

N.Y. 

1985     S 

251+/- 71 

15+/-  2 

ND 

8+/-8 

ND 

5+/- 4 

2+/-1 

Cayuga 

1981      4 

573+/-  84 

23+/- 4 

18+/-  4 

18+/-4 

34+/- 9 

1 1+/-  2 

NA 

Creek 

1982     6 

880f/-136 

50f/-4 

6+/- 2 

19+/-7 

29+/- 10 

12+/- 2 

ND 

N.Y. 

1983     5 

406+/- 194 

29+/-I5 

9+/.15 

5+/-4 

14+/-19 

5+/- 5 

ND 

1985     5 

750+/.  180 

23+/- 9 

ND 

3+/-1 

3a+/-17 

24+/.  7 

ND 

1990     3 

217+/-  23 

9+/- 2 

5+/- 2 

ND 

5*/.  I 

6+A5 

ND 

cm  Creek 

N.Y. 

1985     5 

I960+/-711 

185+/-37 

ND 

3+/-2 

267+/-71 

273+/-85 

ND 

Uiher's 

1982     7 

124+/.  14 

30+/- 5 

ND 

10+/.2 

ND 

1+/-  1 

ND 

Creek 

1983     7 

67+/-  17 

24+/- 4 

ND 

TR 

ND 

ND 

ND 

Onl. 

1984     7 

99*/- U 

23+/- 5 

ND 

ND 

ND 

MD 

ND 

1985     7 

49+/.  19 

15+/-  9 

ND 

ND 

ND 

IK 

ND 

1986     7 

29+/- 25 

12+/-  9 

ND 

ND 

ND 

y*-f'2 

ND 

1987     7 

ND 

16+/- 13 

ND 

ND 

ra> 

ND 

ND 

1989     7 

ND 

11+/- 5 

ND 

ND 

ND 

ND 

ND 

Niagara  River 

1979     7 

108+/.  28 

34+/- 9 

ND 

21+/-6 

4+/-4 

6+/- 3 

NA 

QueeoitOD 

1980     7 

134+/- 20 

11+/- 6 

IK 

21+/.  19 

1*1-1 

1+/.  1 

NA 

Ont. 

1981     6 

329+/-120 

107+/-57 

15+/-8 

47+/.20 

4+/-3 

3+/.  2 

NA 

1982     5 

245+/-  21 

61+/-19 

7+7-6 

»+/-2 

3+/.1 

3+/-0 

2+/-1 

1989     6 

30+/- 30 

34+/- 8 

ND 

ND 

ND 

2+/.  1 

2+/-.0 

1990     6 

198+/-  23 

37+/.  8 

11+/-3 

ND 

ND 

IR 

i+/-o 

Niagara  River 

1975     5 

690f/-t95 

244+/-52 

ND 

ND 

ND 

ND 

NA 

Niaiira- 

1977     9 

626+/- 154 

157+/.38 

13+/.4 

55+/-2 

626+/-26 

27+/- 11 

NA 

on-ttte-Lake 

1978     8 

32t>+-/.49 

9^/-49 

29+/.8 

8+/- 10 

7+/- 2 

2+/- I 

NA 

Out. 

1979     8 

J53+/-  23 

26+/- 9 

•m 

22+/- 18 

ND 

4+/'  1 

NA 

1980     7 

266*/- 51 

41+/.  9 

11+/-2 

24+/^ 

26+/.  7 

4+/- 3 

NA 

1981     7 

327+/-  62 

73+/.15 

I0f/-3 

11+1-4 

ND 

2+/- I 

NA 

1982     5 

253+/-  24 

82+/- 14 

6+/-2 

17+/-7 

4+/.  1 

4+/.  1 

4+/.  I 

1983     6 

136+/-  55 

9+/- 9 

ND 

3+/-1 

ND 

3+/- 3 

2+/- 1 

1984     7 

273+/.  107 

71+/.23 

10+/-6 

3+/- 1 

ND 

15+/-  3 

4+/-1 

1985     7 

127+/-  38 

13+/- 13 

ND 

TR 

ND 

1+/-I 

1+/-1 

1987     7 

116+/- 18 

34+/-  9 

8+/-3 

TR 

ND 

3+/-  1 

ND 

1988     7 

145+/- 59 

47+/-30 

ND 

ND 

ND 

TR 

TR 

1989     6 

82+/-  21 

53+/- 10 

ND 

ND 

ND 

2+/- 1 

4+/-1 
4+/-1 

1990     7 

226+/- 32 

72+/- 11 

10+/- 1 

ND 

ND 

ND 

LEGENn: 

)t  Analyse< 

NA  =  Nc 

NT)  =  Below  Deteci 

able  Limits 

TR  =  Trace 
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Figure  4  A  (b) 
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Figure  4.4  (c) 

NIAGARA  RIVER 
BIOMONITORING 


I'o    A)   3'o    h    io   io   io 


80     90    1 

Copper  Concentration  [ug/g] 


bo 


Accumulation  of 
Copper  in  Cladophora 


Niagara  River  Remedial  Action  Plan  -  Stage  I 


CHAPTER  4 


Page  (4 -120) 


Bloody  Run  Creek  Mouth 


Gill  Creek  Mouth 


53oo      10600     isboo     2oboo 
Iron  Concentration  [ug/g] 


25000 


Figure  4.4  (d) 
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5.0  DESCRIPTION  OF 
CONTAMINANT 
SOURCES 


Pollution  to  the  Niagara  River  from  Ontario 
originates  from  both  point  and  non-point  sources. 
Point  sources  are  readily  identifiable  municipal  and 
industrial  discharges  to  the  Niagara  or  Welland  Rivers 
or  to  their  tributaries.  Non-point  sources  are  either  not 
readily  identifiable  or  irregular  discharges  of  complex 
origin  such  as:  urban  runoff,  combined  sewer  over- 
flows, atmospheric  deposition  and  recharge  of  con- 
taminated ground  water  from  waste  disposal  sites  and 
facility  operations. 


All  of  the  Ontario  point  sources  in  the  Niagara 
River  drainage  basin  have  been  surveyed  annually 
since  1981  to  obtain  estimates  for  toxic  loadings  to  the 
river.  These  loading  estimates  are  updated  annually 
with  data  collected  from  the  discharge  sampUng  pro- 
grams. In  1981/1982  when  the  fu^t  toxics  samples 
were  collected  from  the  Ontario  point  sources  for  tiie 
NRTC  studies,  approximately  154  kg/day  of  Priority 
Pollutants  were  being  released  to  the  river.  Of  this 
amount,  the  majority  of  contaminants  were  heavy 
metals".  The  gross  Ontario  loading  of  Priority  Pollut- 
ants represented  about  11%  of  the  total  point  source 
load  ofPriority  Pollutants  to  the  Niagara  River".  The 
remaining  89%  was  calculated  to  originate  from  point 
sources  in  New  York  Slate.  The  23  Ontario  point 
sources  shown  in  Figure  5.1  include: 


Abatement  actions  have  occurred  ai  virtually  all 
Ontario  point  sources  since  the  first  estimates  of  Prior- 
ity Pollutant  loadings  were  made  in  the  1984  NRTC 
Report.  Control  Orders,  Certificates  of  Approval, 
voluntary  programs  by  industries  and  sewage  treat- 
ment plant  upgrading  and  expansions  have  resulted  in 
dramatic  declines  in  the  point  source  loadings  since 
the  1981/1982  loading  estimates.  The  Ministry  of  the 
Environment  has  estimated"'  that  from  1981/1982 
until  the  1988/1989  monitoring  year,  a  reduction  in 
toxic  Priority  Pollutant  loadings  from  Ontario  point 
sources  to  the  Niagara  River  of  approximately  86% 


Municipal  Sources                          Map  ID 

Fort  Erie  (Anger  Ave.)  WPCP 

3 

Sievensville-Douglasiown  Lagoons 

4 

Welland  WPCP 

13 

Port  Robinson  Lagoons 

9 

Niagara  Falls  WPCP 

21 

Quecnston  WPCP 

22 

McMaster  Avenue  Combined  Sewer  - 
Welland 

11 

Stanley  Avenue  Combined  Sewer  - 
Niagara  Falls 

16 

Industrial  Sources  -  Upper  Niagara  Area 

Canadian-Oxy  Chemicals  Ltd. 

2 

GNB  (Canada)  Ltd.  - 
formerly  Gould  Batteries 

23 

Fleet  Manufacturing  Ltd. 

1 

Diner's  Delite  -  formerly  Holiday  Farms 

24 

Industrial  Sources  -  Welland  Area 

Atlas  Specialty  Steels  Division 

12 

Gcncorp-Divcrsitech  General 

14 

Sielco-Stelpipe  WeUand  Tube  Works 

10 

Ford  (Canada)  ■ 
Niagara  Falls  Glass  Plant 

5 

B.F.  Goodrich  inc. 

8 

Cyanamid  of  Canada  Ltd.  -  Welland  Plant 

7 

Laidlaw  Environmental  Services  - 
formerly  Tricil 

15 

Industrial  Sources  -  Niagara  Falls  Area 

Washington  Mills  -  Electro  Minerals 

18 

Norton  Company  Canada  Ltd. 

19 

Washington  Mills  Ltd. 

17 

Cyanamid  of  Canada  Ltd.  - 
Niagara  Falls  Plant 

20 
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has  occurred  (Table  5.1).  Figure  5 .2  illustrates  how  the 
Ontario  point  source  loadings  have  declined  during 
recent  years. 


TABLE  5.1 


Ontario  Point  Source  Loadings 
of  Toxic  Priority  Pollutants  to 
the  Niagara  River 

Year 

Loading 

(kg/d) 

Reduction 
(kg/d) 

Reduction 

(%) 

1981/82 

154.4 

0 

0.0% 

1983/84 

54.1 

100.3 

65.0% 

1984/85 

58.9 

95.5 

61.9% 

1985/86 

66.7 

87.7 

56.8% 

1986/87 

60.8 

93.6 

60.6% 

1987/88 

30.2 

124.2 

80.4% 

1988/89 

21.8 

132.6 

85.9% 

FIGURE  5.2 


Detailed  descriptions  of  remedial  programs  that 
have  been  put  in  place  at  the  different  point  sources 
over  the  last  decade  are  included  in  each  description. 


Pollutant  loadings  from  non-point  sources  are 
not  as  well  defined  due  to  the  complexity  of  determin- 
ing the  exact  movement  of  contaminants  from  these 
sources*'.  Additional  studies  are  required  lo  generate 
or  refuie  loading  estimates  for  these  sources. 


SIGNIFICAI<rr  SOURCE  REDUCTIONS 
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Currently,  within  the  Ontario  Niagara  River 
drainage  basin,  six  municipal  point  source  discharges 
(water  poUution  control  plants)  exist. 


The  Town  of  Fort  Erie  (Anger  Ave.)  Water  Pol- 
lution Control  Plant  (WPCP)  is  operated  by  the  Re- 
gional Municipality  of  Niagara.  Until  December  1989, 
the  plant  provided  enhanced  primary  treatmenL  At  that 
time,  this  sewage  treatment 
plant  was  upgraded  to  an  ex- 
tended aeration  activated 
sludge  facility  and  now  pro- 
vides secondary  wastewater 
treatment  to  the  sewage  gen- 
erated in  Fort  Erie.  The  plant 
also  provides  physical- 
chemical  treatment  for  storm 
flows.  The  new  secondary 
treatment  plant  which  was 
commissioned  in  December 
1989  was  the  final  municipal 
wastewater  treatment  plant  in 
Ontario,  discharging  to  the 
Niagara  River  lo  be  upgraded 
to  a  minimum  of,  or  equiva- 
lent to,  secondary  wastewater 
treatmenL 
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Along  ihe  Chippawa  Channel,  facultative 
stabilization  ponds  owned  and  operated  by  the  Re- 
gional Municipality  of  Niagara,  serve  the  small  niral 
communities  of  Stevensville  and  Douglastown  (part 
of  the  Town  of  Fort  Erie).  Both  the  Fon  Erie  (Anger 
Ave.)  WPCP  and  the  Stevensville- Douglastown  La- 
goons are  direct  point  source  discharges  to  the  Niagara 
River. 


The  City  of  Welland  is  served  by  an  activated 
sludge  plant  that  has  recently  (1990)  been  expanded  to 
a  tertiary  treatment  facility  providing  effluent  filtra- 
tion and  partial  nitrification.  The  expansion  of  the 
plant  to  tertiary  treatment  follows  expansion  of  the 
secondary  treatment  system  in  1983.  The  facility  is 
owned  and  operated  by  the  Regional  Municipality  of 
Niagara.  This  plant  discharges  its  treated  effluent  lo 
the  Welland  River. 


At  Port  Robinson  in  the  City  of  Thorold.  a  new 
sewage  treatment  facility  was  constructed  and  com- 
missioned to  resolve  health  concerns  over  failed  septic 
tanks  and  tile  fields.  The  facility,  which  is  owned  and 
operated  by  the  Regional  Municipality  of  Niagara, 
consists  of  aerated  and  facultative  lagoons.  The  treat- 
ment works  are  located  on  the  bank  of  the  Welland 
River  downstream  from  the  Port  Robinson  syphon. 
This  facility  discharges  treated  municipal  effluent  to 
the  Welland  River. 


In  the  City  of  Niagara  Falls,  Ontario,  the  sewage 
treatment  plant  (known  as  the  Niagara  Falls  (Stamford) 
WPCP)  was  expanded  to  the  equivalent  of  secondary 
treatment  in  1985.  The  secondary  ireatmoit  phase  of 
the  Niagara  Falls  plant  consists  of  35  rotating  biologi- 
cal contactors.  The  Niagara  Falls  (Stamford)  WPCP  is 
also  owned  and  operated  by  the  Regional  Municipal- 
ity of  Niagara  and  discharges  treated  effluent  to  the 
Queenston -Chippawa  Power  Canal  at  a  point  upstream 
of  the  forebay  of  Ontario  Hydro's  Sir  Adam  Beck 
power  generating  stations. 


At  Queenston,  in  the  Town  of  Niagara-on-the- 
Lake.  a  new  sewage  treatment  facility  has  been  con- 
structed to  resolve  health  concerns  over  failed  septic 


tanks,  tile  fields  and  grey  water  discharges.  The  facil- 
ity, which  is  owned  and  operated  by  the  Regional 
Municipality  of  Niagara,  consists  of  a  package  acti- 
vated sludge  plant.  The  treatment  works  are  located  at 
the  base  of  the  escarpment  at  Queenston  on  the  west 
bank  of  the  Niagara  River  and  discharge  treated  efflu- 
ent directly  lo  the  Niagara  River. 


The  Town  of  Niagara -on -the-Lake  and  the  Vil- 
lage of  Crystal  Beach  are  serviced  by  municipal  water 
pollution  control  plants  that  discharge  respectively  to 
Lake  Ontario  and  Lake  Erie  directly  outside  the  Nia- 
gara River  Area  of  Concern. 


5,1.1  Fort  Erie  (Anger  Ave.)  WPCP 


The  Fort  Erie  (Anger  Ave.)  Water  Pollution 
Control  Plant  historically  provided  enhanced  primary 
treatment  with  phosphorous  removal  by  ferric  chlo- 
ride addition.  The  plant,  owned  and  operated  by  the 
Regional  Municipality  of  Niagara,  was  designed  to 
serve  a  population  of  approximately  13,8(X).  Flow 
specifications  for  the  plant  indicated  a  hydraulic  rated 
capacity  of  16.300  m7d  and  a  peak  hydraulic  capacity 
of  32,600  mVd.  Average  daily  flows  to  the  plant  over 
the  eight  year  period  ending  in  1988  are  listed  in  the 
table  below. 


YEAR 

AVG.  DAILY  FLOW 

(m3/d) 

1981 

17400 

1982 

15,100 

1983 

14,100 

1984 

12,900 

1985 

13,000 

1986 

10,740 

1987 

10,765 

1988 

9,530 
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Due  to  the  condition  and 
type  of  sewer  infrastructure 
which  existed  in  the  area  served 
by  the  plant,  flows  often  ex- 
ceeded the  design  capacity  of 
the  treatment  plant  during  wet 
weather  periods.  Frequent  sew- 
age pumping  station  and  com- 
bined sewer  overflows  have 
been  documented.  Resolution 
of  these  problems  has  been  oc- 
curring over  the  past  three  years 
and  will  continue  with  sewer 
separation  and  infiltration  re- 
duction measures,  plus  other  so- 
lutions to  reduce  the  overflow 
problem  including  storage,  in- 
creased pumping  station  capac- 
ity and  increased  trunk  sewer 
capacities. 


FIGURE  5.3 
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ENVIRONMENT  ONTARIO  MONITORING 
FT.  ERIE  (ANGER  AVENUE)  WPCP 

Total   Priority    PoUuUmt    I^oadings    (kg/d) 


198142 


Influent  to  the  treatment 

plant  is  comprised  largely  of  do- 

mestic  sewage  (approximately 
90%  of  the  average  daily  inflow)  and  a  small  contribu- 
tion (the  remaining  10%)  being  industrial  wastewater. 
The  types  of  industries  which  discharge  to  the  plant 
include  metal  and  steel  fabricators  and  paint,  plastics 
and  pharmaceutical  manufacturers. 


A  new  wastewater  treatment  facility  was  de- 
signed and  has  been  constructed  at  the  Fort  Erie 
(Anger  Ave.)  WPCP  to  provide  extended  aeration 
activated  sludge  treatment  for  the  sewage  generated  in 
the  Town  of  Fort  Erie.  Special  considerations  were 
required  for  the  design  of  the  treatment  works  due  to 
the  weak  organic  nature  of  the  influent  sewage.  The 
weak  sewage  is  a  result  of  the  aforementioned  infra- 
structure problems.  The  treatment  plant  was  commis- 
sioned in  December  1989. 


At  the  upgraded  treatment  plant,  wastewater 
enters  the  facility  by  forcemain  from  the  Parkway 
Pumping  Station  and  passes  through  a  meter  chamber 
and  mechanically  cleaned  bar  screens.  Following  grit 
removal,  the  wastewater  enters  the  extended  aeration 
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activated  sludge  portion  of  the  treatment  works.  Aera- 
tion is  accomplished  using  fine  bubble  diffusers.  Fol- 
lowing activated  sludge  treatment,  gravity  separation 
occurs  in  the  final  clarifiers.  Clarified  effluent  enters  a 
two  stage  chlorine  contact  chamber  prior  to  discharge 
through  a  100  meter  submerged  diffuser  outlet  in  the 
Niagara  River. 


Based  on  the  results  of  the  1984  NRTC  study, 
this  facility  had  been  designated  a  significant  point 
source  to  the  Niagara  River.  Monitoring  results  of  total 
priority  poUutants  for  the  period  1981-1989  are  shown 
in  Figure  5.3. 


5.1,2  Stevensville-Douglastown 
Lagoons 


Stevensville  and  Douglastown  are  the  two  small 
communities  within  the  predominantly  rural  portion  of 
the  Town  of  Fort  Erie.  The  Stevensville-Douglastown 
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Lagoons  were  constructed  because  of  concerns  raised 
by  Niagara  Regional  Health  Unit  officials  following 
observed  deterioration  of  many  private  sewage  treat- 
ment systems  (septic  tanks  and  lile  fields)  and  evidence 
of  raw  or  partiall  y  treated  sewage  entering  B  lack  Creek. 
Septic  tank  and  lile  field  failures  were  due  in  pan  to  the 
heavy  clay  soil  which  predominates  throughout  both 
communities. 


The  facultative  stabilization  lagoon  treatment 
system  was  chosen  because  of  the  remote  location  of 
the  treatment  facility,  its  relatively  low  capital  and 
maintenance  costs  and  low  staff  operating  require- 
ments. The  simple  waste  stabilization  pond,  which 
services  the  two  residential  communities,  provides  an 
effluent  of  quality  that  is  equal  lo  or  greater  than  that 
of  a  much  more  expensive  and  labour  intensive  sec- 
ondary sewage  treatment  plant. 


The  treatment  lagoons  are  located  on  a  site 
bounded  by  the  Queen  Elizabeth  Way  to  the  east, 
Baker  Road  to  the  north  and  the  Niagara  Falls  city 
limits  lo  die  south. 


The  lagoons  were  designed  for  a  projected  popu- 
lation of  1.S65  plus  a  future  industrial  component 
bringing  the  total  design  equivalent  to  2,750  persons. 
The  lagoon  consists  of  two  large  cells  (at  jseseni), 
widi  room  for  expansion  to  three  cells. 


The  lagoons  were  designed  for  an  organic  (BOD) 
loading  of  22  kilogram s/heciare/day  (20  pounds/acre/ 
day).  The  ponds  cover  a  surface  area  of  9.7  hectares 
(24  acres)  and  are  1.3  meters  deep.  The  lagoon 
hydraulic  retention  time  is  103  days  at  the  design 
average  flow  rate  of  1,470  mVday.  The  peak  hydrau- 
lic flow  to  the  lagoons  is  2,940  mVday. 


The  average  daily  flows  to  the  lagoons  for  the 
six  year  period  (beginning  with  the  year  the  lagoons 
were  placed  into  use  and  ending  in  1988)  are  as 
follows: 


YEAR 

AVG.  DAILY  FLOW 

(m3/d) 

1983 

208 

1984 

363 

1985 

459 

1986 

647 

1987 

573 

1988 

580 

The  effluent  from  the  lagoons  is  discharged  con- 
tinuously to  the  Chippawa  Channel  of  the  Niagara 
River.  The  discharge  pipe  and  diffuscr  extend  137 
metres  into  the  river  from  the  shore.  The  diffuser  is  13 
metres  long  and  is  located  in  a  depth  of  5  metres  of 
water. 


The  Stevens ville-Douglastown  lagoon  facility 
is  not  considered  a  significant  point  source  to  the 
Niagara  River  if  NRTC  criteria  are  a[^lied. 


S.lJWellandWPCP 


The  City  of  Welland  Water  Pollution  Control 
Plant  has.  until  recently,  been  operated  as  a  conven- 
tional activated  sludge  treatment  plant  providing  sec- 
ondary treatment  and  phosphorous  removal  to  a  mixed 
domestic  and  industrial  wastewater  stream.  The  in- 
dustrial portion  of  the  wastewater  accounts  for  ap- 
proximately 35%  of  the  influent.  The  plant  is  owned 
and  operated  by  the  Region  of  Niagara  and  serves  a 
population  of  approximately  47^(X). 
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FIGURE  5.4 
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The  plant  has  under- 
gone iwo  expansions  in  re- 
cent years.  In  1983,  the  fa- 
cility was  expanded  with  the 
installation  of  two  addi- 
tional secondary  clarifiers 
and  a  new  chlorine  contact 
chamber.  Hydraulically,  the 
plant  was  upgraded  to  a 
rated  capacity  of  45.460  mV 
d.  In  1990,  a  second  expan- 
sion of  the  facility  was  com- 
pleted and  includes  im- 
provements 10  the  main  sew- 
age pumping  station,  new 
mechanical  screening  facili- 
ties, new  aerated  grit  re- 
moval chambers,  upgraded 
flash  mixing  and 
flocculation  tanks,  addi- 
tional primary  clarification 
capacity,  additional  aeration 
cells,  effluent  filtration  fa- 
cilities, improved  chlorine 
contact  facilities  and  additional  anaerobic  digestion 
facilities.  The  activated  sludge  portion  of  the  treatment 
works  has  the  capability  of  providing  full  nitrification. 


Nitrification  and  filtration  capabilities  at  this 
treatment  works  result  in  a  icriiary  treatment  rating  for 
this  facility. 


Average  daily  flows  to  the  plant  for  the  six  year 
penod  to  1988  are  as  follows: 


ENVIRONMENT  ONTARIO  MONITORING 
WELLAND  (RIVER  ROAD)  WPCP 

Total    Priority    PoUuUnt   Lxwdings    (Icg/d) 
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YEAR 

AVG.  DAILY  FLOW 

(m3/d) 

1983 

48.778 

1984 

40,240 

1985 

35.840 

1986 

37,959 

1987 

35.013 

1988 

33.180 

The  wastewater  enters  the  treatment  plant  grit 
removal  tanks  following  collection  in  the  River  Road 
Interceptor  Sewer  and  pumping  at  the  main  sewage 
pumping  station.  The  influent  passes  through  screen- 
ing and  grit  removal  facilities  and  passes  into  the  flash 
mixing  and  flocculation  section  where  chemical  co- 
agulants are  added.  The  wastewater  then  enters  pri- 
mary clarifiers.  biological  activated  sludge  aeration, 
final  clarifiers.  effluent  filters  and  chlorine  contact 
chambers  prior  to  release  to  the  Welland  River. 
Wastewater  treatment  sludge  (primary  and  waste  acti- 
vated) is  treated  using  a  two  stage  anaerobic  sludge 
digestion  process. 


Based  on  the  results  of  the  1984  NRTC  study, 
this  facility  had  been  designated  a  significant  point 
source.  Monitoring  results  for  total  priority  pollutants 
for  the  period  1981-1989  are  shown  in  Figure  5.4. 
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5.1.4  Port  Robinson  Lagoons 


In  1989,  the  community  of  Port  Robinson  in  the 
City  of  Thorold  had  a  new  wastewater  treatment  facil- 
ity constructed  and  commissioned  to  treat  up  to  441 
m'/day  of  sewage.  The  plant  is  owned  and  operated  by 
the  Regional  Municipality  of  Niagara  and  is  located 
immediately  adjacent  to  the  Welland  River,  down- 
stream of  the  Port  Robinson  syphon  (the  point  where 
the  Welland  River  crosses  underneath  the  Welland 
Ship  Canal). 


Influent  sewers  discharge  to  an  aerated  lagoon 
with  a  volume  of  2,384  m'  with  a  side  water  depth  of 
3  m.  The  total  hydraulic  retention  time  of  the  aerated 
cell  is  5  days.  Following  aeration,  the  partially  treated 
sewage  then  enters  two  facultative  ceils  having  a 
combined  surface  area  of  2.5  hectares  (6.2  acres).  The 
side  water  depth  of  the  facultative  cells  is  1.5  m  and 
provides  a  hydraulic  retention  time  of  76  days.  Efflu- 
ent from  the  treatment  facilities  is  discharged  continu- 
ously via  an  outfall  extending  into  the  Welland  River. 


Because  this  facility  was  recently  commis- 
sioned, no  toxics  data  exist  as  yet  to  determine  the 
impact  of  this  source  to  the  Niagara  River.  It  is 
expected  that  these  lagoons  will  not  be  a  significant 
source  of  toxics  to  the  Niagara  River  if  the  NRTC 
criteria  were  applied. 


5.1.5  Niagara  Falls  (Stamford  Ave.) 
WPCP 


The  Niagara  Falls  (Stamford)  Water  Pollution 
Control  Plant  was  expanded  in  1985  to  provide  sec- 
ondary treatment  to  a  combined  domestic  and  indus- 
trial wastewater  stream.  The  plant  is  owned  and 
operated  by  the  Region  of  Niagara  and  is  designed  for 
a  population  of  107.050.  Hydraulically,  the  plant  has 
a  rated  capacity  of  68^00  mVd  with  peak  factors  of  2 


and  1.47  for  the  primary  and  secondary  section  of  the 
plant  respectively.  Average  daily  flows  to  the  treat- 
ment plant  for  the  eight  years  prior  to  1989  are: 


YEAR 

AVG.  DAILY  FLOW 

(in3/d) 

1981 

44^00 

1982 

51,800 

1983 

6U70 

1984 

56,150 

1985 

57,060 

1986 

56.706 

1987 

56.755 

1988 

58,500 

Wastewater  enters  the  treatment  plant  by  gravity 
and  passes  through  a  series  of  manually  cleaned  coarse 
bar  screens.  The  sewage  is  then  pumped  to  grit  re- 
moval and  pre-aeraiion  prior  to  entering  the  primary 
settling  tanks. 


Following  primary  treatment,  clarified  sewage 
enters  the  secondary  treatment  stage.  Secondary  treat- 
ment consists  of  35  covered  rotating  biological  con- 
tactors (RBCs)  in  a  series  of  5  trains.  The  secondary 
plant  was  constructed  to  accommodate  shock  loading 
arising  dming  the  canning/grape  crushing  season.  The 
RBCs  were  not  designed  lo  provide  complete  second- 
ary treatment  for  the  entire  waste  stream  for  the  whole 
year.  Under  the  existing  Certificate  of  Approval,  all 
influent  wastewater  receives  100%  primary  treatment. 
However,  three  different  operating  schemes  exist  for 
secondary  treamient.  During  the  period  of  August, 
September,  October  and  November,  the  RBCs  receive 
51%  of  the  primary  effluent  for  treatment.  The  re- 
maining 49%  of  primary  effluent  is  blended  with  the 
RBC  effluent  prior  to  chlorination.  During  December, 
January  and  February,  the  RBCs  receive  80%  of  the 
primary  effluent  while  20%  is  blended  prior  to  chlo- 
rination. During  March,  April,  May.  June  and  July,  the 
RBCs  receive  100%  of  the  primary  effluent. 
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FIGURE  5.5 


Ferric  chloride  is  added  ai 
numerous  locations  throughout 
the  plant  for  phosphorous  re- 
moval. Sludge  stabilization  is 
accomplished  using  two-stage 
anaerobic  digestion  for  primary 
and  biological  sludge.  Follow- 
ing secondary  treatment  and 
blending  of  primary  effluent,  the 
treated  sewage  is  chlorinated 
prior  to  release  to  the  Queenston- 
Chippawa  Power  Canal. 


In  1984,  the  NRTC  desig- 
nated this  facility  as  a  significant 
point  source  to  the  Niagara  River. 
Loadings  of  total  priority  pollut- 
ants discharged  from  this  source 
over  the  past  7  years  are  shown  in 
Figure  5.5. 


5.1.6  Queenston  WPCP 


The  Regional  Municipality  of  Niagara  has  re- 
cently completed  the  construction  and  commissioning 
of  an  extended  aeration  water  pollution  control  plant 
at  Queenston  in  the  Town  of  Niagara-on-  the-Lake. 
The  plant  is  rated  for  an  average  daily  flow  of  500  mV 
d  with  a  peak  capacity  of  1700  mVd. 


The  influent  sewage  enters  the  treatment  facili- 
ties at  a  raw  sewage  lift  station  and  is  pumped  lo  the 
velocity  controlled  grit  removal  channels.  Following 
the  grit  removal  stage,  the  sewage  flows  through  a 
comminulor  prior  lo  entering  the  extended  aeration 
compartment.  Aeration  of  the  sewage,  using  coarse 
bubble  diffusers  in  spiral-roll  type  compartments,  oc- 
curs for  a  minimum  of  18  hours.  The  volume  of  the 
aeration  section  is  375  m\  Following  aeration,  treated 
effluent  is  gravity-separated  in  a  single  settling  tank, 
disinfected  in  a  chlorine  contact  chamber  and  dis- 
charged directly  to  the  Niagara  River  from  a  shore- 
based  headwall  outlet 


ENVIRONMENT  ONTARIO  MONITORING 

NIAGARA  FALLS  (STAMFORD)   WPCP 

TotAl   Priority   PoUutont   Lx>adinss    (ko/d) 

40 
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30 

- 

20 
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10 
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Because  this  facility  was  recently  commissioned, 
no  toxics  data  exists  yet  to  determine  the  impact  of  this 
source  on  the  Niagara  River.  It  is  expected  to  be  a  non- 
significant source  of  toxics  to  the  Niagara  River  if  the 
NRTC  criteria  were  applied. 


5.1.7  McMaster  Avenue  Combined 
Sewer  -  Welland 


Prior  to  1989,  the  McMaster  Avenue  Combined 
Sewer  discharged  to  the  Welland  River  downstream 
of  the  point  where  the  Welland  River  flows  under  the 
Old  Welland  Canal  and  upstream  of  AUas  Steel's  42" 
sewer  outfall. 
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In  1984,  the  McMasier  Avenue  combined  sewer 
was  a  48"  combined  sewer  which  discharged  industrial 
process  wastewater,  cooling  water,  domestic  sewage 
and  siorm  water  directly  lo  the  Welland  River.  Since 
that  time,  considerable  effort  has  been  made  by  the 
industries  connected  to  the  McMasier  Avenue  sewer  to 
segregate  contaminated  domestic  and  industrial  waste 
water  from  the  once-  through  cooling  water  and  storm 
water.  The  City  of  Welland  has  built  a  parallel  storm 
sewer  to  the  McMaster  Avenue  Combined  Sewer  for 
storm  water  and  cooling  water  discharges. 


In  October  1989.  the  necessary  diversions  of 
cooling  water  and  storm  water  were  completed.  At  the 
lime,  the  City  of  Welland  connected  the  McMaster 
Avenue  sewer  to  the  River  Road  Interceptor  which 
conveys  the  flow  to  the  Welland  WPCP.  Therefore  this 
source  no  longer  discharges  to  the  Welland  River  on  a 
continuous  basis. 
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The  McMasier  Avenue  sewer  was  determined  to 
be  a  significant  point  source  based  on  the  NRTC's  cut- 
off values  during  ihe  1981/1982  studies.  Total  priority 
pollutant  loadings  from  the  McMaster  Avenue  com- 
bined sewer  for  the  period  1981-1989  are  given  in 
Figure  5.6. 


5.1.8  Stanley  Avenue  Combined 
Sewer  -  Niagara  Falls 


The  Stanley  Avenue  Combined  Sewer,  at  the 
time  of  the  NRTC  study,  discharged  industrial  waste 
and  untreated  domestic  sewage  directly  to  Chippawa 
Creek  (Welland  River). 


Shortly  after  the  1981/1982  studies  by  the  NRTC, 
the  Stanley  Avenue  sewer  was  segregated.  Industrial 
wastewaters  and  sewage  were  redirected  to  the 
Chippawa  Parkway  low  lift  pumping  station,  thus  leav- 
ing a  storm  sewer  which  received  both  urban  storm 

run-off  and  industrial  non- 
contact  cooling  water  dis- 
charge (from  Washington 
Mills  -  Electro  Minerals). 
The  Stanley  Avenue  storm 
sewer  discharges  to 
Chippawa  Creek. 
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At  the  time  of  the 
NRTC  surveys,  the  Stanley 
Avenue  sewer  was  deter- 
mined to  be  a  non-signifi- 
cant source  of  toxics  to  the 
Niagara  River. 
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5.2  Industrial  Point 
Sources 


Fourteen  industrial  point  sources  in  Ontario  dis- 
charge to  the  Niagara  River  drainage  basin.  Four 
industries  discharge  to  the  Upper  Niagara  River  and 
Frenchman  Creek.  Six  industries  discharge  to  the 
Welland  River  or  Lyons  Creek  and  the  remaining  four 
discharge  to  the  Chippawa  Creeky^wer  canal  system. 
One  of  these  also  discharges  to  the  lower  Niagara 
River  at  the  Whirlpool. 


5.2.1  Upper  Niagara  River  Area 


In  1984,  three  industries  in  Fort  Erie  discharged 
directly  to  receiving  water  bodies:  Canadian-Oxy 
Chemicals  Ltd.,  Gould  Manufactiuing  and  Fleet  Manu- 
facuiring.  They  discharged  a  combined  total  of  1,290 
mVd  of  wastewater  directly  lo  the  Niagara  River  or 
indirectly  via  Frenchman  Creek  to  the  Niagara  River. 
In  1988,  Fleet  Manufacturing  directed  its  process  wa- 
ters 10  the  Fort  Erie  WPCP  leaving  the  non-contact 
cooling  water  being  discharged  to  Frenchman's  Creek. 
Since  1988.  Gould  Manufacturing  has  been  connected 
to  the  Fort  Erie  municipal  system  and  no  longer  dis- 
charges to  the  Niagara  River.  In  the  Chippawa  Chan- 
nel area,  the  Ontario  side  of  the  Niagara  River  is 
relatively  undeveloped. 


5.2.1.1  Canadian-Oxy  Chemicals 
Ltd. 


Canadian-Oxy  Chemicals  Ltd.,  Durez  Division, 
is  a  division  of  Canadian  Occidental  Petroleum  which 
has  its  head  office  in  Calgary,  Alberta.  The  plant, 
located  on  Dunlop  Street  in  Fort  Erie,  was  built  in 
1970.  Approximately  50  people  are  employed  at  the 
plant  which  operates  5  days  per  week. 


The  company  manufactures  Phenol -Formalde- 
hyde (P/F)  resins  and  moulding  compounds,  furfuryl 
alcohol-formaldehyde  resins  and  ethylene  bis- 
siearamide  wax.  All  production  is  in  semi -continuous 
batches.  Raw  materials  used  in  P/F  resins  include 
nonyl  phenol,  phenol,  cresol,  formaldehyde  and  cata- 
lysts. Furfuryl  alcohol,  formaldehyde  and 
furfuraldehyde  are  used  to  produce  the  furan  resins. 
The  resins  are  used  in  the  manufacture  of  coatings  and 
insulation. 


Approximately  330  mVday  of  water  is  purchased 
from  the  Town  of  Fort  Erie  and  used  in  the  process. 
Approximately  140  mVday  of  non-contact  cooling 
water  is  discharged  by  sewer  to  Frenchman  Creek. 
The  remaining  contact  cooling  water  is  discharged  to 
town  and  regional  sewers  for  treatment  at  the  Anger 
Avenue  WPCP. 


Reaction  water  from  the  P/F  resin  kettles  is 
distilled  off  and  this  highly  contaminated  phenol- 
bearing  distillate  water  is  stored  on-site  prior  to  being 
shipped  for  product  recovery  or  disposal.  Cooling 
water  is  the  major  discharge  from  the  plant  A  single 
sewer  conveys  the  cooling  water  and  storm  water  to 
Frenchman  Creek  arul  subsequently  to  the  Niagara 
River. 


The  major  cooling  water  discharge  comes  from 
the  "flaker"  operation.  Molten  product  is  poured  from 
ketdes  to  the  flaker  where  cooling  water  is  used  to 
solidify  the  product.  Although  the  water  is  used  lo 
cool  flaker  equipment,  product  can  contaminate  the 
cooling  water  stream.  Phenol  in  the  cooling  water  is 
the  major  contaminant. 


The  NRTC  determined  thai  this  plant  was  a 
minor  point  source  of  contaminants  lo  the  Niagara 
River. 
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5.2.1.2  Gould  Manufacturing  of 
Canada  Ltd. 


Gould  Manufacturing  of  Canada  Lid.  (Gould 
National  Batteries  or  GNB)  is  located  on  Lewis  Street 
in  Fort  Erie.  Gould  manufactures  lead  acid  storage 
batteries,  primarily  for  industrial  applications  such  as 
lift  trucks,  aircraft,  railroad  and  mining  equipment. 
Battery  plates  are  formed  by  casting  molten  lead/ 
antimony  or  lead/calcium  alloys  into  a  mould.  After 
casting,  plates  are  trimmed  and  stamped  into  final 
shape  with  the  scraps  being  recharged  into  the  melting 
operation  furnace.  Plates  are  pasted  with  lead  oxide 
and  cured  in  humidity  and  temperature  controlled 
ovens. 


A  number  of  charging  operations  (both  wet  and 
dry)  occur  prior  to  final  assembly  and  finishing  of  the 
batteries. 


Process  wastewater  is  generated  primarily  from 
washwater  and  cooling  water  in  the  battery  disassem- 
bly, casting  and  charge  cycle  areas.  Wastewater  is 
treated  by  pH  adjustment  and  solids  separation  prior  to 
release  from  the  plant. 


The  major  contaminant  from  this  facibty  has 
been  lead.  Until  recently,  the  plant  discharged  ap- 
proximately 120  mVd  of  process  wastewater.  Gould's 
discharge  entered  a  ditch  which  drained  to  the  Niagara 
River  approximately  1  km  away. 


Due  to  increasingly  tighter  restrictions  placed 
on  the  company  for  effluent  compliance,  primarily  for 
lead  contamination,  the  company  rerouted  its 
wastewaters  and  now  discharges  entirely  to  the  Town 
of  Fort  Erie  sanitary  sewer  system.  Effluent  has  been 
therefore  treated  at  the  Anger  Avenue  WPCP  since 
1988. 


The  ditch  at  Gould  became  heavily  contaminated 
with  lead  due  to  an  extensive  period  when  high  lead 
concentrations  occurred  in  the  company's  effluent.  The 
company  has  complied  with  requirements  of  the  Minis- 
tries of  the  Environment  and  Natural  Resources  in 
remediating  the  drainage  ditch.  Approximately  1  km 
of  ditch,  sediment,  bedding  and  banks  was  excavated 
and  the  contaminated  materials  were  removed  and 
disposed  of  at  an  approved  waste  disposal  site.  The 
ditch  was  subsequently  restored  and  no  longer  provides 
either  a  source  or  a  pathway  for  heavy  metals  to  the 
Niagara  River. 


Gould  was  designated  a  minor  point  source  by 
the  NRTC  in  1984. 


5.2.1,3  Fleet  Manufacturing  Ltd. 


Fleet  Manufacturing  Division  of  Ronyx  is  lo- 
cated on  Gilmore  Road  in  Fort  Erie.  The  company 
manufactures  airplane  components,  sonar  and  radar 
assemblies  and  satellite  components.  Process  opera- 
lions  include  machining,  degreasing,  drying,  bonding, 
plating,  auloclaving  and  primer  finishing. 


Numerous  organic  solvents  (trichloroethylene, 
xylene,  etc.),  inorganic  acids,  plating  solutions  (chro- 
mium and  metal  cyanide)  and  salt  baths  (sodium  and 
potassium  nitrate)  are  used  throughout  the  plant  op- 
erations. 


Process  wastewater  discharges  consist  of  non- 
contact  cooling  water,  boiler  blowdown,  treated  spent 
anodizing  and  plating  solutions,  plating  rinse  waters, 
treated  spent  spray  booth  recirculation  water  and  con- 
taminated spray  water.  Contaminants  in  the  process 
wastewater  discharge  primarily  consist  of  heavy  met- 
als (cadmium  and  chromium),  cyanide  from  plating 
operations  and  organic  solvents  (trichloroethylene) 
from  degreasing  operations.  Treated  sanitary 
wastewater  along  with  the  process  wastewater  has 
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becn  diverted  to  the  municipal  sewer  to  receive  treat- 
menl  at  the  Anger  Road  WPCP.  Non-contact  cooling 
waier  is  discharged  to  Frenchman's  Creek. 


Reet  was  designated  as  a  significant  point  source 
in  1984  by  the  NRTC  due  to  loading  of  chromium  in 
the  combined  effluent  enienng  Frenchman  Creek. 
This  source  should  be  reduced  U>  the  munici()a]  sewer 
as  the  only  flows  to  Frenchman's  Creek  are  non-con- 
tact cooling  water.  Figure  5.7  illustrates  the  trend  in 
loading  of  toxics  in  ihe  effluent  from  1981  to  the 
present. 


5,2.1.4  Diner's  Delite 


Diner's  Delite,  formerly  Holiday  Farms  Ltd.  is 
located  on  Marshall  Road  at  the  intersection  with 
Niagara  River  Boulevard.  The  plant  historically  dis- 
charged combined  process  and  sanitary  wastewater, 
that  had  undergone  settling  in  a  metal  tank,  directly  to 
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the  Chippawa  Channel,  4  km 
upstream  of  Navy  Island. 
Originally,  the  NRTC  con- 
cluded that  Holiday  Farms  was 
a  miuOT  point  source  discharge 
to  the  Niagara  River. 


Since  that  lime.  Diner's 
Delite  has  purchased  the  facil- 
ity which  prepares  frozen  din- 
ners only.  No  slaughtering 
operations  are  performed  at 
this  plant  Major  processing 
operations  include  food  prepa- 
ration, cooking  and  packag- 
ing. The  present  operation  has 
been  downsized  from  Holiday 
Farms  Ltd.  original  volume. 


Process  wastewater 
originates  from  operations 
such  as  cooking  water,  poultry 
defrosting,  product  cooling 
water  and  clean-up  water.  Wastewater  is  frequently 
mixed  with  detergent  and  bleach.  Other  process  re- 
lated water  uses  include  boiler  water  and  steam  con- 
densate. 


All  process  wastewaters  flow  via  floor  drains  to  a 
common  sump.  From  the  sump,  wastewater  passes 
through  flotation  separators  for  oil  and  grease  removal. 
Following  grease  removal,  process  wastewater  enters  a 
recently  constructed  stabilization  pond  and  is  spray 
irrigated  back  on  plant  property  thus  removing  this  as  a 
Niagara  River  point  source. 


Historically,  the  total  plant  discharge  at  maxi- 
mum production  was  90  mVday.  The  parameters  of 
concern  in  the  discharge  from  Holiday  Farms  were 
primarily  conventional  pollutants,  including  BOD,  sus- 
pended solids  and  oil  and  grease. 
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5.2.2  Welland  Area 


The  Welland  area  has  six  industries  which  dis- 
charge 10  the  Welland  River  either  directly  or  indirectly 
via  Lyons  Creek. 


In  the  City  of  Welland,  Atlas  Specialty  Steels 
Division  and  Gencorp-Diversitech  General  discharge 
treated  industrial  wastewater  to  the  Welland  River. 
Sielco-Stelpipe  Welland  Tube  Works  Division  dis- 
charges industrial  wastewater  to  Lyons  Creek  which 
ultimately  flows  into  Chippawa  Creek  (Welland 
River). 


In  the  area  between  Welland  and  Niagara  Falls, 
Ford  Motor  Company  Ltd.,  B.F.Goodrich  and  Cyana- 
mid  of  Canada -Welland  Plant  discharge  industrial 
wastewater  to  the  Welland  River.  In  addition,  Laidlaw 
Environmental  Services,  a  hazardous  waste  transfer 
station  located  in  Thorold,  discharges  storm  water 
from  site  runoff  to  the  Welland  River  near  Port 
Robinson. 


5.2.2.1  Atlas  Specialty  Steels 
Division 


Atlas  Specialty  Steels  Division,  until  recently  a 
pan  of  Rio  Algom  Ltd.  and  now  owned  by  Sammi 
Steel,  IS  located  in  Welland,  east  of  the  Welland  River 
between  Brown  Road  and  East  Main  Street.  The  plant 
employs  1 200  people  and  produces  specialty  grades  of 
steel.  The  steel  grades  include  carbon,  stainless,  low 
and  high  alloy,  tool,  machinery  and  mining  steels  in 
billet  and  ingot  form.  During  1987,  Atlas  Specialty 
Steels  produced  200,000  tonnes  of  steel. 


Atlas  Steels  was  identified  as  the  single  largest 
contributor  of  priority  pollutant  metals  to  the  Niagara 
River  from  Canadian  point  sources  during  the  studies 
carried  out  by  the  NRTC. 


Electric  arc  furnaces  are  used  to  melt  scrap  metal. 
Argon  ladle  refining,  vacuum  oxygen  refining  and 
vacuum  arc  degassing  are  used  to  refine  the  steel  melt. 
The  steel  is  then  continuously  cast  or  subject  to  top  and/ 
or  bottom  pour  ingot  teeming.  Surface  imperfections 
are  removed  from  billets  and  ingots  in  conditioning 
operations  prior  to  further  processing.  No  coke  making 
operations  (coke  oven  batteries)  or  blast  furnaces  exist 
at  this  facility. 


The  steel  undergoes  either  forging  or  hot  rolling. 
Hot  rolling  consists  of  primary  rolling  to  produce 
blooms,  billets  and  large  bars  and  secondary  rolling  to 
produce  specialty  steel  shapes.  Following  the  forging 
and  hot  roUing  processes,  the  steel  may  undergo  heat 
treating,  machining  or  cold  finishing. 


Atlas  Steels  discharges  approximately  85%  of 
its  process  wastewaters  (coohng  and  treated  process) 
through  a  single  sewer  known  as  the  Atlas  42"  Sewer. 
The  Atlas  final  effluent  is  composed  of  mainly  contact 
and  non-contact  cooling  water  with  a  minor  contribu- 
tion of  treated  pickling  rinse  water  and  treated  effluent 
from  the  Waste  Acid  Solidification  Plant.  Discharge 
from  Atlas  Steels  through  this  sewer  averages  24,700 
mVday. 


Atlas  raw  cooling  water  is  pumped  from  the  Old 
Welland  Canal  for  use  in  the  plant  and  then  treated  in 
two  water  filtration  plants  prior  to  being  discharged  to 
the  Welland  River.  An  ongoing  sewer  separation 
project  performed  at  the  plant  has  resulted  in  all 
contaminated  streams  being  treated  in  the  treatment 
plants  prior  to  release  to  the  42"  sewer. 


Figure  5.8  shows  the  trend  in  effluent  loading  of 
toxics  from  Atlas  Steels  to  the  Welland  River  and 
ultimately  the  Niagara  River  for  the  period  commenc- 
ing 1981. 


Historic  deposition  of  materials,  mostly  metals, 
have  accumulated  in  the  river  at  the  42"  sewer  dis- 
charge fonning  the  Adas  *'reer.    This  zone  of  con- 
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laminated  sediment  has  been  discussed  in  detail  in 
section  4.5.1  ^.  Preliminary  clean-up  efforts  have  been 
conducted  and  the  results  are  being  assessed.  Biologi- 
cal assessment  and  further  work  is  continuing  with 
excavation  of  contaminated  material  contempl^ed  in 
the  near  future. 


5,2.2.2  Gencorp-Diversitech 
General 


The  Engineered  Elastomers  Division  of 
Gencorp-Diversitech  GeneraJ  is  located  at  John  and 
Bernard  Streets  in  the  City  of  Welland.  Gencorp  is  the 
single  largest  user  of  created  City  water  in  Welland. 
The  company  manufactures  automotive  rubber  trim 
(window,  door,  trunk  seals)  and.  prior  to  1992.  sporting 
equipment  (bowling  balls  and  hockey  pucks).  Effluent 
from  this  operation  is  discharged  via  a  number  of 
outfalls  to  either  the  McMastcr  Avenue  Combined 
Sewer  or  to  Atlas  Stcck'  42"  sewer. 


The  Diversitech  opera- 
lion  involves  the  mixing  of  raw 
rubber,  carbon  black  and  for- 
mulating chemicals  to  obtain  a 
processed  rubber  with  desir- 
able characteristics  for  extru- 
sion into  automotive  products 
or  sporting  equipment.  Fol- 
lowing extrusion,  the  proc- 
essed rubber  is  generally  cured 
using  either  high  temperature 
and  pressure  ora  hot  liquid  salt 
bath  (normally  sodium  nitrite). 
Following  curing,  excess  rub- 
ber is  removed  frcmi  the  prod- 
uct and  gluing  to  appropriate 
frames  is  p^onned  using  an 
isocyanate-based  glue.  After 
final  curing,  the  finished  prod- 
uct is  shipped  from  the  plant  to 
appropriate  markets. 


The  ccMTipany  has  implemented  a  water  reduc- 
tion program,  increased  cooling  water  reuse,  and  is  in 
the  process  of  replacing  the  hot  liquid  salt  baths  with  air 
curing  equipment  to  reduce  discharges. 


Limited  data  exists  at  this  time  to  determine  the 
impact  of  the  Diversitech  operaticm  and  whether  or  not 
this  is  a  significant  source  of  toxics  to  the  Niagara 
River. 
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5.2,2.3  Stelco-Stelpipe  Welland 
Tube  Works 


The  Stelpipe  Welland  Tube  Works  is  located  on 
Ridge  Road  in  Welland  just  east  of  the  Welland  Ship 
Canal.  Process  wastewater  passes  through  an  oil/ 
water  separator  and  a  setding  lagoon  before  being 
discharged  lo  the  headwaters  of  Lyons  Creek,  a  tribu- 
tary to  the  Chippawa  Creek  portion  of  the  Welland 
River.  Results  indicate  this  facility  was  identified  as  a 
non-significant  source  of  toxics  to  the  Niagara  River. 


Two  plants  for  manufacturing  of  steel  tube  are 
located  at  the  Stelpipe  Works.  The  two  plants  are 
capable  of  manufacturing  tube  from  20  lo  60  inches  in 
diameter.  The  older  of  the  two  plants,  known  as  the 
"U  and  O"  Mill  produces  pipe  from  20  to  36  inches  in 
diameter  using  a  submerged  arc  welding  process.  The 
newer  plant,  known  as  the  Steiform  Mill,  produces  36 
to  60  inch  diameter  tubes  using  the  spirally  formed 
submerged  arc  welding  processes. 


Steel  skelp  (plate)  is  brought  into  the  facihty 
from  other  sources  and  formed  and  welded  on  site. 
Materials  used  during  the  processing  of  the  steel  skelp 
into  finished  pipe  include:  welding  fluxes, 
trichloroethane  for  degreasing,  toluene  solvent  and 
paints  for  finishing  of  the  mbes.  In  addition  to  process 
and  cooling  water  discharges  from  operations  involv- 
ing these  contaminants,  silver  bromide  is  also  dis- 
charged from  photographic  processing  of  X-ray  films 
used  to  quaUty  assure  welds  on  the  tubes.  Water  is 
also  used  for  pressure  sizing  (expansion),  hydrostatic 
testing  of  finished  pipe  and  rinsing  in  preparation  for 
surface  finishing.  Site  stormwater  is  discharged  to  a 
lagoon  for  settling  prior  to  overflow  to  Lyons  Creek. 
Wastewater  is  now  treated  through  a  reverse  osmosis 
process,  prior  to  discharge  to  the  sanitary  sewer. 


5.2.2.4  Ford  Motor  Company  of 
Canada  -  Niagara  Falls  Glass 
Plant 


Ford's  Niagara  Glass  Plant  is  located  in  Niagara 
Falls,  on  Montrose  Road,  on  the  south  bank  of  the 
Welland  River.  There  are  two  discharges  from  this 
facility,  both  to  the  Welland  River.  The  discharge 
points  are  i^proximately  1  kilometre  upstream  of  the 
confluence  of  Chippawa  Creek  and  the  Welland  River, 
where  they  form  the  headwaters  of  the  Queension- 
Chippawa  Power  Canal.  The  Ford  Glass  Plant  was 
determined  by  the  studies  of  the  NRTC  to  be  a  non- 
significant source  of  toxics  to  the  Niagara  River. 


The  plant  manufactures  automobile  and  truck 
windshields,  rear  windows  and  body  glass  (side  win- 
dows) from  raw  materials  including  float  glass  and 
polyvinylbulyral  resin  (laminate  for  safety  glass). 
Major  process  operations  include  cutting,  seaming, 
edge  grinding  and  laminating.  In  addition,  there  are 
several  detergent  wash  and  water  rinse  steps  between 
stages  of  the  process  operations.  Other  materials  used 
in  the  manufacturing  operations  include  cutting  oil. 
grinding  coolant,  detergent,  calcium  carbonate  pow- 
der and  autoclave  oil.  Xylene  and  silver  paste  are  used 
in  the  rear  window  defogger  application  process. 


Water  supply  for  domestic  purposes  is  provided 
by  the  City  of  Niagara  Falls'  municipal  water  supply 
system.  Process  water  used  in  the  plant  is  drawn  from 
the  Welland  River.  Raw  water  from  the  Welland 
River  is  treated  on-site  at  Ford's  water  treatment  plant 
prior  to  distribution  to  the  various  process  operations. 
The  treatment  consists  of  coagulation/flocculation, 
clarification,  filtration  and  chlorination.  Sludge  from 
the  treatment  process  is  directed  to  the  process  efflu- 
ent treatment  lagoon. 


The  majority  of  plant  process  wastewater  is  gen- 
erated on  a  continuous  basis  and  originates  from  cool- 
ing water  locations  at  autoclave  wash  baths  and  rinse 
lank  overflows.  Intermittent  flows  include  weekly 
batch  discharges  of  coolant  tanks,  wash  baths  and  rinse 
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tanks  and  from  periodic  clean-up  operations.  The 
majority  of  the  cooling  water  is  non-contact  and  there- 
fore is  of  the  same  quality  as  the  treated  water  provided 
to  the  facility  by  the  process  water  treatment  plant. 
Some  cooling  streams  may  contain  minor  quantities  of 
particulate. 


Potential  contaminants  to  the  effluent  include 
suspended  solids,  BODj,  oil  and  grease,  dissolved  salts 
and  minor  quantities  of  xylene,  silver  and  phosphorus. 


The  company  is  reviewing  its  present  sanitary 
wastewater  treatment  facility  and  is  embarked  on  a 
wastewater  reduction  plan. 


5.2.2.5  B.F.Goodrich  Inc. 


BP.  Goodrich  is  located  on  Thorld  Townline 
Road  in  Thorold.  The  plant  manufactures  polyvinyl 
chloride  (PVC)  and  PVCy^lyvinyl  acetate  resins  from 
monomers.  These  resins  are  used  in  the  manufacture  of 
clothing,  automobile  trim,  piping,  wire  insulation,  win- 
dow frames,  swimming  pool  liners  and  siding  for 
houses. 


Intake  water  for  the  plant  is  pumped  from  the 
Welland  River.  The  site  makes  use  of  cooling  towers  to 
reduce  fresh  cooling  water  inputs.  Slowdown  is  routed 
through  the  biological  treatment  plant  prior  to 
recirculation.  Total  effluent  discharged  is  approxi- 
mately 2  329  m3  per  day. 


Until  the  summer  of  1988,  two  distinct  processes 
were  employed  in  production,  emulsion/polymeriza- 
tion and  suspension.  The  emulsion  process  is  the  older 
of  the  two  processes  used  at  this  facility.  It  results  in 
greater  contamination  of  water  due  to  the  inherent 
nature  process  and  the  age  of  the  planL  Wastewater 
from  the  emulsion  process  was  steam  stripped  in  three 
tanks  prior  to  biological  treatment.  The  treated  effluent 


was  then  routed  to  an  aeration  pond,  followed  by  a 
polishing  lagoon  prior  to  discharge  into  the  Welland 
River. 


In  June  1990,  a  facility  for  compounding  PVC 
with  plasticizers  and  stabilizers  was  opened.  Both  PVC 
resin  and  cubes  of  compound  began  production  undw 
this  method.  The  newer  suspension  unit  process  uses  a 
distillation  column  to  recover  vinyl  chloride  monomer 
before  the  wastewater  is  discharged  to  the  common 
aeration  pond  and  polishing  lagoon. 


Waste  PVC  and  thickened  biological  sludge  were 
dewatered  in  a  reclaim  pond  equiped  with  underdrains. 
The  resulting  leachate  was  directed  to  a  valved  off 
leachate  pond  which  was  batch  discharged  to  the 
Welland  River  every  1  to  2  months. 


The  old  emulsion  process  was  phased  out  with 
the  full  commissioning  of  the  new  suspension  process 
planL  The  emulsion  process  ceased  by  June  1991  and 
the  plant  was  decommissioned  in  November  1991. 


Coinciding  with  the  process  change  was  an  up- 
grading of  the  on-site  wastewater  treatment  system. 
The  stabilization  ponds  were  removed  and  replaced 
with  two  equalization  basins.  Biological  treatment  was 
increased  to  two  activated  sludge  units  followed  by  a 
secondary  clarifier.  Tertiary  treatment  was  added  in 
the  form  of  a  gravity  sand  filter  system.  A  vacuum  filter 
was  also  installed  for  the  sludges  generated  by  the 
primary  and  secondary  clarifiers.  The  resulting 
supernatant  is  now  routed  back  to  the  treatment  system 
while  the  filter  cake  is  disposed  of  off-site. 


The  NRTC  determined  that  this  plant  was  a  mi- 
nor source  of  contaminants  to  the  Niagara  River. 
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5.2.2.6  Cyanamid  of  Canada 
Limited  -  Welland  Plant 


Cyanamid  of  Canada's  Welland  plant  is  located 
at  ihe  western  boundary  of  Niagara  Falls  at  Gamer 
Road  and  Chippawa  Creek  Drive.  The  Welland  facility 
manufactures  ammonia,  dicyandiamide,  50%  cyana- 
mide  solutions,  phosphine  and  phosphine  derivatives 
and  electronic  grade  chemicals.  It  currently  has  one 
effluent  disharge  into  Thompson's  (Miller)  Creek 
which  drains  into  the  Welland  River. 

The  ammonia  production  facility  was  closed  in 
April  1990.  Previously,  ammonia  was  manufactured 
by  the  reaction  of  hydrogen  gas  with  nitrogen  over  a 
catalyst  ai  elevated  temperatures  and  pressures.  Natu- 
ral gas  is  reformed  at  high  temperatures  to  supply 
hydrogen,  while  nitrogen  is  obtained  from  the  air. 
Carbon  dioxide  is  formed  as  a  by-producL 


Dicyandiamide  is  formed  when  hydrogen  cyana- 
mide  solution  is  reacted  at  elevated  pH.  The  resulting 
dicyandiamide  solution  is  then  crystallized,  centrifuged 
and  dried.  Hydrogen  cyanamide  solution  is  also  con- 
centrated and  sold  as  product. 


Water  for  process  operations  is  pumped  from  the 
Welland  River  to  the  facility  and  treated  for  use  as 
process  water.  Approximately  28,800  mVday  of 
Welland  River  water  is  used.  Approximately  the  same 
volume  is  discharged  to  Thompson's  Creek.  Until 
recently,  backwash  from  the  filtration  plant  had  been 
discharged  directly  back  to  the  Welland  River.  The 
filtration  plant  is  no  longer  in  operation  at  this  facility. 

Wastewater  is  generated  from  boiler,  compres- 
sor, cooling  tower  and  steam  plant  blowdowns. 
Wastewater  also  originates  from  once-  through  cooling 
water  streams,  barometric  condensers,  and  decant  wa- 
ter from  a  sludge  settling  pond.  All  process  units 
discharge  to  Thompson's  Creek,  which  runs  through 
Cyanamid  property.  The  active  sludge  pond  on  site 
receives  waste  sludge  from  the  phosphine  and 
dicyandiamide  plants;  the  solids  settle  out  in  the  pond 
and  the  water  overflows  into  Thompson's  Creek. 


In  the  past,  discharge  frwn  this  facility  has  been 
subject  to  sudden  pH  changes  as  well  as  sudden  changes 
in  electrolytes  (as  measured  by  changes  in  specific 
conductance).  Cyanamid  has  installed  an  equalization 
pond  upstream  of  its  final  outfall  point  in  order  to 
reduce  the  severity  and  frequency  of  occurrence  of 
these  surges  in  the  makeup  of  the  effluent 


Phosphine  gas  is  produced 
when  yellow  phosphorus  is 
heated  with  steam  in  a  reactor. 


In  May  1987,  a  major  por- 
tion of  the  Cyanamid  -  Welland 
facility  was  shut  down.  Unit 
processes  which  are  no  longer 
operative  at  this  facility  pro- 
duced nitric  acid,  ammonium  ni- 
trate, calcium  phosphate  and 
urea.  In  the  spring  of  1990,  all 
manufacturing  operations  except 
phosphine  and  cyanamide  were 
shut  down. 


FIGURE  5.9 
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In  1984.  the  NRTC  designated  the  Cyanamid  of 
Canada  -  Welland  Plant  as  a  significant  point  source 
due  to  the  loading  of  cyanide  and  heavy  metals  enter- 
ing the  Welland  River  from  Thompson's  Creek  and  an 
old  outfall  (since  abandoned)  to  the  Welland  River. 
Figure  5.9  illustrates  the  trend  in  effluent  loading  of 
toxics  to  the  Niagara  River  for  the  period  beginning  in 
1981.  The  major  source  of  heavy  metal  has  been 
eliminated  with  the  discontinu^on  of  the  use  of  chrome 
in  the  cooling  tower. 


5.2.2.7  Laidlaw  Environmental 
Services  Facility 


Until  recently,  the  Laidlaw  Environmental  Serv- 
ices Facility  was  known  as  the  Tricil-Syntath  hazard- 
ous waste  transfer  stadon.  This  site  is  located  in  the 
Port  Robinson  portion  of  the  city  of  Thorold. 
Laidlaw 's  Thorold  operation  can  best  be  described  as 
two  separate  operations,  previously  known  as  Syntath 
and  Alero. 


The  Syntath  portion  of  the  site  processes  waste 
laboratory  materials  or  LAB-PACKS.  Waste  labora- 
tory solvents,  acids,  bases,  etc.,  are  transported  to  the 
site  where  the  materials  are  bulked,  blended  and  neu- 
UBlized  in  a  batch  reactor.  The  blended  material  is 
then  stored  in  two  storage  tanks  prior  to  shipment  to 
the  Laidiaw-Tricil  Samia  operation  for  incineration. 
Syntadi  can  process  most  waste  types  provided  they 
are  small  quantities  and  limited  to  laboratory  wastes. 


The  Alero  portion  of  the  Laidlaw  site  processes 
primarily  industrial  waste  liquids  such  as  solvents. 
The  waste  is  transported  to  the  site  and  bulked  into 
dedicated  storage  tanks  or  45  gallon  drums.  The  bulk 
material  is  then  re-shipped  either  to  recyclers  or  for 
final  disposal.  The  site's  activity  is  restricted  to 
bulking  chemicals. 


No  process  wastewater  is  generated  at  this  facil- 
ity. However,  a  storm  water  management  system  on- 
site  results  in  storm  water  being  collected  in  a  holding 


area,  monitored  for  a  number  of  parameters  and  dis- 
charged at  controlled  rates  to  the  Welland  River.  This 
storm  water  management  system  has  been  in  place  for 
only  a  short  period  of  time  and  its  impact  as  a  signifi- 
cant or  non-significant  source  to  the  Niagara  River  has 
not  yet  been  assessed. 


5.2.3  Niagara  Falls  Area 


In  the  Niagara  Falls  area,  four  industries  dis- 
charge wastewater  to  Chippawa  Creek,  the  Queenston- 
Chippawa  Power  Canal  or  the  lower  Niagara  River.  In 
Chippawa,  Washington  Mills  -  Electro  Minerals  and 
the  Norton  Company  discharge  cooling  waters  to 
Chippawa  Creek  and  Pell  Creek  (tributary  to  Chippawa 
Creek).  In  the  same  area,  a  second  Washington  Mills 
Ltd.  plant  also  discharges  wastewaters  to  a  small 
unnamed  tributary  of  Chippawa  Creek.  In  die  north 
end  of  Niagara  Falls,  Cyanamid  of  Canada's  Fourth 
Avenue  plant  discharges  wastewaters  to  the  power 
canal  and  to  Whitty's  Creek,  a  small  tributary  of  the 
Niagara  River  near  the  Whirlpool. 


5.2.3.1  Washington  Mills  -  Electro 
Minerals 


Washington  Mills  -  Electro  Minerals  Corpora- 
tion has  undergone  a  number  of  corporate  name 
changes  over  the  past  decade.  This  facility  has  previ- 
ously been  known  as  Electro  Minerals,  Sohio  and 
Canadian  Carborundum.  The  plant  is  located  on  the 
east  side  of  Stanley  Avenue  near  McLeod  Road  in 
Niagara  Falls.  There  are  two  combined  effluent  dis- 
charges: one  to  the  headwaters  of  Pell  Creek  and  the 
other  to  the  Stanley  Avenue  storm  sewer,  which  dis- 
charges to  Chippawa  Creek. 

Washington  Mills  -  Electro  Minerals  manufac- 
tures a  variety  of  metalhc  abrasive  rods.  These  rods  are 
brown  alumina,  pink  alumina,  alumina  bubbles,  fenx)- 
silicon,  fused  mag-chrome  and  ferro-carbo  briquettes. 
Electro  Minerals  employs  approximately  100  people. 
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All  of  ihe  products  are  manufactured  by  similar 
processes  and  vary  only  in  the  starting  raw  materials. 
All  raw  materials  are  weighed  and  fed  into  a  furnace  in 
defined  proportions  where  they  are  fused  together  and 
poured  into  moulds  for  cooling.  The  cooled  material  is 
then  crushed,  sorted  and  screened  to  yield  the  final 
product.  Raw  materials  include  bauxite,  coke,  iron, 
white  alumina,  chromic  oxide,  feiro-sihcon,  magnet- 
ite and  chromium  ore. 


Intake  water  is  pumped  from  Chippawa  Creek  at 
a  rate  of  approximately  30,000  mVday.  Wastewater  is 
generated  from  power  transformer  cooling,  contact 
cooling  of  product  during  solidification  and  head  cool- 
ing of  furnaces.  The  coohng  water  is  sent  to  two 
setthng  lagoons  for  solids  removal  and  oil  and  grease 
removal  prior  to  discharge  to  Pell  Creek  and  the 
Stanley  Avenue  sewer. 


The  NRTC  determined  thai  this  plant  was  a  mi- 
nor point  source  of  contaminants  to  the  Niagara  River. 


5.2,3.2  Norton  Company  Canada 
Ltd. 


The  Norton  facility  is  located  in  Chippawa  on 
the  north  bank  of  Chippawa  Creek  (Welland  River) 
and  employs  approximately  225  people.  The  facihty 
has  four  discharges,  two  to  Pell  Creek  (a  tributary  to 
Chippawa  Creek)  and  two  to  Chippawa  Creek  di- 
recUy.  Norton  manufactures  various  types  of  abrasive 
grains  including  light  and  dark  aluminum  oxide, 
alumina-zirconia  and  chromic  oxide. 


The  dark  aluminum  oxide  is  produced  by  fusing 
bauxite,  coke  and  iron  together  in  cupolas.  The  mate- 
rial is  then  cooled,  crushed  and  ground  before  ship- 
ping as  a  granular  product. 


The  hght  aluminum  oxide  is  produced  in  a  simi- 
lar manner;  however,  sulphur  is  added  during  the  re- 
duction process  while  in  the  electric  arc  furnaces.  Light 
aluminum  oxide  is  formed  into  ingots  and  crushed. 
The  grains  are  first  slaked  in  acid  before  being  washed 
with  water  to  remove  iron  impurities.  Finally,  the 
grains  are  dried  and  undergo  magnetic  separation. 
Alumina-zirconia  is  manufactured  by  fusing  calcined 
alumina,  baddelyite  (zirconia)  and  coke  together.  The 
melt  is  solidified  and  crushed  to  produce  a  very  tough 
abrasive  grain. 


Intake  water  for  the  facility  is  pumped  from 
Chippawa  Creek  at  a  volumetric  rate  of  approximately 
14.200  mVday.  Wastewater  is  generated  from  cooling 
water  for  furnace  shells,  power  transformers  and  cool- 
ing moulds.  Wash  water  from  the  light  aluminum 
oxide  process  is  neuaalized  and  discharged  to  a  set- 
tling lagoon  prior  to  being  pumped  to  the  Pel!  Creek 
discharge  location. 


In  1984,  the  NRTC  determined  that  this  plant 
was  a  minor  point  source  of  contaminanis  to  the  Niagara 
River. 


5.2,3.3  Washington  Mills  Ltd. 


Washington  Mills  other  facility  is  located  on  the 
west  side  of  Stanley  Avenue  at  the  end  of  Progress 
Street  in  the  south  end  of  Niagara  Falls.  The  plant, 
which  employs  approximately  35  people,  has  one 
discharge  point  on  a  small  tributary  to  Chippawa 
Creek.  The  facility  manufactures  aluminum  oxide 
abrasive  grains,  fcrro-silicon  and  crude  aluminum 
oxide. 


Aluminum  products  are  manufactured  in  electric 
arc  furnaces  where  bauxite,  coke  and  iron  are  fused 
together  to  produce  an  aluminum  oxide  melt.  The  melt 
is  poured  into  cooling  pots  for  solidification.  Solid 
material  is  then  extracted  from  the  cooling  pots  and 
broken  down  to  final  pniduct  grains. 
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Intake  water  is  supplied  from  an  on-site  well  at  a 
rate  of  1,630  mVday.  Wastewater  is  generated  from 
cooling  of  furnace  shells  and  melt  pots.  Spent  cooling 
water  is  collected  in  open  channels  and  flows  to  a 
cooling  pond  for  solids  settling.  A  portion  of  this  water 
is  recycled  while  excess  overflows  to  Chippawa  Creek. 


Limited  toxics  data  exist  for  this  facility  and  its 
impact  as  a  source  to  the  Niagara  River  is  still  being 
assessed.  However,  preliminary  indications  are  that 
this  source  will  be  a  non-significant  source  of  toxics  to 
the  Niagara  River  if  the  NRTC  criteria  were  applied. 


5.2.3.4  Cyanamid  of  Canada 
Limited  -  Niagara  Falls  Plant 


Cyanamid  of  Canada's  Niagara  Falls  plant  is 
located  on  4th  Avenue  in  the  City  of  Niagara  Falls.  The 
company  employs  approximately  300  people  at  this 
facility.  It  manufactures  calcium  carbide,  calcium 
cyanide,  calcium  cyanamide  _.-,^.  inr—  rr 
and desulphurization reagents,      i    I VJI U ri t    5 


industry  for  desulphurization  of  steel.   Calcium  cya- 
nide is  used  in  the  gold  refining  industry. 


Water  for  the  plant  processing  is  pumped  from 
the  Queenston-Chippawa  Power  Canal  at  a  rate  of 
approximately  32,400  m'/day. 


The  process  water  is  used  mostly  for  cooling 
jackets  of  the  electric  furnaces  and  transforaier  cables. 
Approximately  one-third  of  the  cooling  water  is  dis- 
charged directly  back  to  the  Power  Canal  while  the 
remainder  is  discharged  to  the  cooUng  water  pond 
where  it  can  be  recycled.  Overflow  from  the  cooling 
water  pond,  approximately  two-thirds  of  the  total  daily 
plant  flow,  discharges  to  the  Niagara  River  at  the 
Whirlpool  via  Whitty 's  Creek  from  a  54"  sewer  outfall. 
Contamination  of  cooling  water  within  the  plant  occurs 
from  spillage  of  raw  materials  and  product  into  storm 
drains  that  discharge  directly  into  cooUng  water  dis- 
charges. 


10 


Calcium  carbide  is 
manufactured  by  reacting  coke 
with  lime  in  an  electric  arc  fur- 
nace at  high  temperature.  Cal- 
cium cyanamide  is  formed 
from  the  reaction  of  calcium 
carbide,  nitrogen  and  fluorspar. 
By-products  formed  from  these 
processes  include  carbon  mon- 
oxide, oxygen  and  calcium  car- 
bonate sludges.  Desulphur- 
ization reagents  are  formed 
from  the  blending  of  diamide 
lime  with  calcium  carbide. 


Calcium  carbide  is  used 
in  the  manufacture  of  acety- 
lene gas,  as  an  intermediate  for 
calcium  cyanide  and  in  the  steel 
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All  production  facilities  at  the  Niagara  Plant 
were  permanently  shutdown  in  March  1992,  thereby 
eliminating  this  facility  as  a  point  source  to  the  Niagara 
River. 


Cyanamid  of  Canada's  Niagara  Falls  plant  was 
designated  as  a  significani  point  source  by  the  NRTC 
due  to  loading  of  cyanide  and  heavy  metals  entering 
both  the  Power  Canal  and  the  Niagara  River.  The 
trend  in  effluent  loading  of  toxics  for  the  period 
commencing  1981  from  this  facility  is  shown  in  Fig- 
ure 5.10. 


5.3  Combined  Sewer 
Overflows 


Over  the  past  10  to  15  years,  a  lot  of  money  has 
been  spent  to  build  or  upgrade  municipal  wastewater 
treatment  facilities  within  the  Regional  Municipality 
of  Niagara.  However,  relatively  little  has  been  spent 
on  building  or  upgrading  the  sewers  that  carry 
wastewater  to  the  treatment  plants  and  which  are  com- 
monly referred  to  as  the  "infrastructure". 


Historically,  sewers  were  designed  as  combined 
sewers  throughout  Ontario,  including  Niagara  Falls, 
Welland.  Niagara-on-the-Lake  and  Fort  Erie.  These 
sewers  conveyed  both  sanitary  wastewater  and  storm 
water  either  direcUy  to  watercoiu^es  or  to  the  nearest 
wastewater  treatment  facility.  Over  the  decades  (be- 
tween 1950  and  1990)  direct  discharge  of  combined 
sewers  to  surface  waters  has  been  reduced  by  either 
redirection  of  flows  to  a  treaunent  plant  or  sewer 
separation.  Combined  sewer  flows  to  municipal  treat- 
ment plants  work  well  during  dry  weather  when  only 
sanitary  wastewater  is  involved;  however,  during  wet 
weather  events,  the  quantities  of  storm  water  gener- 
ated as  a  result  of  the  intensity  and  duration  of  storms 
requires  that  overflows  be  built  into  the  sewage  collec- 
tion system  or  infrastructure.  During  these  wet  weather 
events,  overflows  of  dilute  untreated  wastewater  oc- 
cur to  the  surface  waters  from  adjacent  communities. 


This  type  of  pollution  is  very  difficult  to  quantify  for 
total  loading  to  and  impact  of  contaminants  on  the 
environment. 


During  recent  years,  sewage  infrastructure  has 
increasingly  been  designed  with  separate  systems  for 
sanitary  wastewater  and  storm  water.  Generally,  these 
separated  systems  do  not  incorporate  overflows. 
Pumping  stations  are  used  to  dehver  sanitary  sewage 
to  the  wastewater  treatment  plant  in  areas  where  flow 
via  gravity  alone  cannot  occur.  However,  the  pump- 
ing stations  are  generally  designed  with  emergency 
overflows  incorporated  into  them. 


During  wet  weather  periods,  overflows  at  pump- 
ing stations  may  occur  due  to  inflow  or  infiltration 
where  the  influx  causes  the  combined  flow  to  exceed 
either  the  pumping  capacity  of  the  station  or  the 
capacity  of  sewers  further  up  in  the  system.  Inflow 
and  infiltration  are  terms  used  to  define  the  entry  of 
storm  water  or  ground  water,  respectively,  into  the 
sanitary  sewer  system.  Inflow  can  occur  due  to  storm 
water  entering  the  sanitary  sewer  from  connections 
such  as  roof  drains  and  foundadon  weeping  tile  drains 
in  residential  areas.  Infiltration  can  occur  when  ground 
water  enters  the  sewer  through  cracks  or  poor  joints  in 
the  sewer  pipe. 


In  the  Niagara  River  drainage  area,  the  four 
major  municipalities  have  both  combmed  sewer  over- 
flows and  overflows  at  sewage  pumping  stations.  The 
municipalities  of  Fort  Erie,  Niagara  Falls,  Welland 
and  Niagara-on-the-Lake  all  have  relatively  old  centre 
cores  and  infrastructure,  which  result  in  combined 
sewer  overflows  and  pumping  station  overflows  to  the 
Niagara  and  Welland  Rivers. 


These  municipalities  are  currenUy  in  various 
stages  of  conducting  Infrastructure  Needs  Studies 
(INS).  These  detailed  studies  of  the  infrastructure 
system  are  designed  to  determine  the  general  condi- 
tion of  the  sewer  system  and  the  extent  and  cause  of 
the  combined  sewer  overflows  and  the  pumping  station 
overflows  and  to  recommend  remedial  measures  for 
dealing  with  these  problems. 
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In  Niagara-on-the-Lake,  the  INS  has  been  com- 
pleted. The  study  recommends  the  expenditure  of 
approximately  11.7  million  dollars  for  repair  to  and 
upgrading  of  the  local  infrastructure.  Several  storm 
sewer  separation  projects  have  been  completed  in  addi- 
tion to  increasing  the  Pumping  Station  capacities  to 
transfer  sewage  flows  to  treatment  facilities. 


In  Niagara  Falls,  the  municipality  is  continuing 
INS  for  the  community  of  Chippawa.  A  city-wide 
study  commenced  in  199 1 .  The  city  has  committed  to  a 
doubling  of  the  budget  to  4.0  million  dollars  annually 
for  sewerremediation  projects,  Half  of  the  remediation 
will  occur  in  the  tourisl/commercial  core  of  the  city, 
which  is  currently  served  by  combined  sewers  and 
which  is  undergoing  considerable  redevelopment. 
Niagara  Falls  is  pursuing  the  installation  of  water  con- 
servation devices  in  new  development  to  reduce  the 
base  flow  in  sewers  and  thereby  reduce  the  quantity  of 
overflows  or  eliminate  them  completely.  Existing  large 
diameter  trunk  sewers  have  been  retrofitted  widi  flow 
control  weirs  to  increase  storage  capacity  during  storm 
flow  events. 


The  Infrastructure  Needs  Study  for  the  Town  of 
Fort  Erie  is  complete.  Recommendations  for  appropri- 
ate upgrading  of  the  system  and  the  use  of  storage 
faciliues  for  overflows  is  currenUy  being  fmahzed  by 
die  municipality  for  future  implementation.  The  Town 
has  implemented  a  water  conservation  program  and 
increased  storm  sewer  separation  projects. 


In  Welland,  combined  sewer  overflows  also  ex- 
ist and  the  municipality  has  also  embarked  on  an  Infra- 
stmcture  Needs  Study.  The  municipality  is  also  in- 
volved in  extensive  storm  sewer  separation  projects. 


5.4  Urban  Non-Point 
Runoff 


Urban  runoff  in  the  Canadian  basin  of  the  Nia- 
gara River  was  studied  in  1982  to  establish  frequencies 
and  annual  loading  of  selected  persistent  toxic  sub- 
stances'" .  The  cities  of  Welland  and  Niagara  Falls  and 
the  Town  of  Fort  Erie  were  surveyed  to  obtain  repre- 
sentative samples  of  runoff  and  sediments.  A  total  of 
1 10  wet  and  dry  events  were  sampled  at  16  sites.  The 
samples  were  analyzed  for  PCBs.  organochlorine  pes- 
ticides. PAHs,  chlorinated  benzenes  and  heavy  metals. 
The  annual  runoff  and  solids  loading  were  estimated  to 
be  21  million  cubic  metres/year  and  6  thousand  tonnes/ 
year,  respectively,  for  diis  suidy  area  (1,360  km^  area). 


In  the  sediment  samples,  the  most  frequently 
detected  substances  were  metals  (arsenic,  copper,  lead, 
selenium  and  zinc),  PCBs,  some  pesticides  and  sev- 
eral chlorinated  benzenes.  PAHs  were  rarely  de- 
tected. In  general,  concentrations  of  toxic  substances 
in  the  runoff  samples  were  several  orders  of  magni- 
tude lower  than  those  in  the  sediments.  Two  metals 
(mercury  and  zinc),  one  organic  (1 ,2-dichiorobenzene) 
and  two  pesticides  (alpha-BHC  and  lindane)  were  the 
most  frequently  delected  compounds  in  the  runoff 
samples.  None  of  the  metal  or  pesticide  concentra- 
tions detected  in  die  runoff  samples  exceeded  the 
Great  Lakes  Water  Quality  Objectives  on  average; 
however,  this  does  not  preclude  exceedance  for  indi- 
vidual events. 


The  issue  of  stormwaier  runoff  may  not  be  as 
significant  for  the  Niagara  River  (Ontario)  Area  of 
Concern  as  it  is  for  other,  more  urbanized  AOCs.  The 
urban  areas  of  this  AOC  are  relatively  residential  with 
minor  amounts  of  historical  or  current  heavy  industry. 
Stormwater  runoff  from  the  New  York  side  is  likely  to 
have  a  much  greater  impact  on  the  river  itself.  Urban 
runoff  from  the  Ontario  AOC  likely  affects  the  water 
quality  of  the  Welland  River  and  other  tributaries,  and 
possibly  impacts  some  beaches. 
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5.5  Rural  Non-Point  Runoff 


Non-point  sources  represent  a  complex  hydro- 
logical  and  biogeochemical  problem.  In  1984.  the  U.S. 
Environmental  Protection  Agency  determined  that,  in 
many  cases,  water  quality  goals  could  not  be  attained 
unless  non-point  sources  of  pollution  were  cleaned  up 
or  mitigated^".  Almost  any  type  of  land  use  is  a 
potential  contributor  of  non-point  source  pollution. 
Non-point  sources  have  been  simplistically  defined  as 
those  which  are  diffuse  and  do  not  discharge  through  a 
pipe.  This  definition  does  not  consider  urban 
siormwater  runoff  or  irrigation  return  flow  which  are 
treated  as  non-point  sources  but  discharge  via  drains, 
ditches,  culverts  and  storm  sewers  which  are  by  strict 
definition  point  sources.  A  beuer  definition  of  non- 
point  sources  are  those  sources  where  contaminants  are 
available  on  the  land  surface  and  contaminant  transport 
depends  on  surface  runoff  or  leaching  based  on  precipi- 
tation (rain,  snowmeli  or  irrigation).  As  the  state  of 
environmental  knowledge  progresses,  other  non-point 
sources  such  as  contaminated  sediments,  urban  runoff 
and  atmospheric  deposition  broaden  the  nature  of  non- 
point  pollution  beyond  the  traditional. 


Natural  areas  such  as  forests,  marshes  and 
grasslands  generally  contribute  little  to  the  pollution 
or  alteration  of  rivers  and  indeed  likely  improve  and 
protect  water  quahty.  Water  passing  through  these 
ecosystems  acquires  a  characteristic  concentration  of 
many  substances,  considered  normal  for  that  geologic 
area.  This  natural  concentration  of  substances  gener- 
ally fosters  a  wide  range  of  aquatic  organisms.  Al- 
though naturally  added  materials  can  cause  occasional 
upsets,  these  are  usually  cleaned  up  by  natural  meth- 
ods or  are  small  enough  to  be  solved  by  natural 
dilution. 


Non-poinl  pollution  has  traditionally  centred  on 
the  issue  of  rural  runoff.  For  many  years,  studies  have 
been  centred  around  farming  activities  and  usually 
involved  pesticides,  herbicides,  bacteria,  nutrients  and 
other  conventional  contaminants  or  the  erosion  and 
deposition  of  the  soil  panicles  themselves.  The  overall 
objective  of  these  studies  has  been  to  reduce  the  hazard 


associated  with  sediment  and  agricultural  chemical 
losses  (and  possibly  to  simultaneously  protect  the  soil 
resource  and  improve  efficiency  of  chemical  use)'". 


Water  quality  monitoring  and  assessment  have 
historically  revolved  around  either  loading 
determinations  or  basin  mouth  assessments  in  dealing 
with  rural  non-point  pollution.  These  types  of  studies 
do  not  readily  lend  themselves  to  identification  of 
specific  problem  sites.  Locations  within  the  drainage 
network  are  not  always  specified,  and  distances  be- 
tween sources  and  monit(xing  points  are  not  generally 
known. 


Extensive  agricultural  activities  throughout  the 
Welland  River  Basin  and  areas  on  the  west  side  of  the 
Upper  Niagara  River  may  have  already  caused  some 
contamination  of  ground  water,  surface  waters  and 
river  sediments,  although  the  impact  and  extent  are 
not  known'**. 


Agricultural  practices  that  generated  concern 
during  the  1950's  are  still  problems  that  exist  today, 
although  some  attempts  have  been  made  to  control 
this  off-site  migration  through  the  use  of  bcUer  farm- 
ing practices.  New  methods  of  control  of  pests  and 
vegetation  are  contributing  toward  a  reduction  in  the 
impact  of  contaminants  coming  off  fields,  orchards 
and  feedlots.  Some  residual  contamination  from  past 
practices,  particularly  the  apphcation  of  long-life  her- 
bicides and  pesticides,  is  still  being  felt  by  the  ecosys- 
tem. This  may  continue  for  some  time  at  low  levels. 
until  these  substances  have  been  leached  out,  bound 
permanentiy  in  place  by  die  native  cby  and  till  soils  of 
the  upper  Niagara  Peninsula  or  been  otherwise  de- 
graded to  other,  safer  substances. 


The  traditional  rural  method  of  disposing  of  do- 
mestic wastes  Uirough  septic  tank  systems  can  lead  to 
contamination  of  ground  and  surface  waters,  particu- 
larly when  Uiese  systems  fail.  This  tendency  to  failure 
is  significant  in  older  septic  beds.  In  the  Niagara 
Peninsula,  the  light  clay  soils  compound  the  problem, 
since  their  capacity  to  assimilate  die  sewage  is  poor. 
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This  problem  has  already  surfaced  in  the  Sievensville- 
Douglastown  area  where  extensive  septic  system  fail- 
ure has  led  to  contamination  of  Black  Creek. 


Similar  massive  system  failure  in  the  Queenston 
area  also  affected  a  reach  of  the  lower  Niagara  River 
immediately  below  the  escarpment.  The  problems  in 
these  two  communities  have  since  been  rectified  with 
the  construction  and  operation  of  communal  sewage 
treatment  facilities. 


Rises  in  contaminant  levels  in  die  waters  of  the 
Niagara  River  and  its  tributaries  which  may  be  attrib- 
utable to  rural  non-point  runoff  are  typically  associ- 
ated widi  precipitation  events.  Rainfall  or  snowmeil 
causes  considerable  erosion  of  the  fine  clay  soils  in  the 
Niagara  area.  These  soil  particles  remain  suspended 
in  the  water  column  and  can  be  carried  considerable 
distances  before  settling  to  the  bottom  of  the  creeks, 
rivers,  the  Sir  Adam  Beck  Reservoir  or  Lake  Ontario. 
These  soils  carry  with  them,  the  tighUy  bound  chemi- 
cals (pesticides,  herbicides  and  fertilizes)  and  organic 
matter  (manure). 


Soil  conservation  methods,  such  as  the  buffer- 
ing by  green  strips  along  river  banks,  contour  plowing 
and  agricultural  planning  can  all  contribute  to  the 
prevention  of  soil  loss  as  well  as  organic  and  chemical 
contamination  of  surface  waters.  However,  the  need 
for  economic  productivity  from  the  farming  commu- 
nity often  makes  such  measures  uneconomical  to  the 
average  farmer. 


Delivery  of  pollutants  from  agricultural  areas  to 
the  mouth  of  a  watershed,  such  as  the  Welland  River 
basin,  involves  a  number  of  chemical,  biological  and 
physical  steps.  These  processes  and  pathways  can  be 
grouped  into  two  distinct  phases.  Once  flow  starts,  the 
overland  or  subsurface  flow  is  significantly  different 
from  the  in-channel  flow.  Both  subsurface  (ground 
water)  flow  and  surface  runoff  are  slow  moving  physi- 
cal processes  compared  to  in-stream  flows  due  to  the 
differences  in  hydraulics  involved.  This  is  particularly 
true  for  ground  water  flow  through  the  active  surface 
soils,  where  the  soil  matrix  has  an  opportunity  to  par- 


ticipate in  physical-chemical  processes.  Pollutants  ex- 
ist in  either  dry  or  damp  conditions  on  the  ground 
surface  depending  on  the  moisture  content  of  the  soils. 
Pollutants  under  dry  conditions  are  susceptible  to  wind- 
driven  movement  through  the  air  in  random  directions, 
while  those  in  moist  conditions  can  start  percolating 
downward  to  more  mobile  ground  water  routes.  Once 
these  chemicals  enter  the  surface  water  channels,  the 
chemical  and  biological  conditions  are  markedly  dif- 
ferent Biogeochemical  processes  vary  dramatically 
between  the  aquatic  and  terrestrial  environments'". 
These  processes  (infilu-ation,  runoff,  erosion,  adsorp- 
tion-desorption  and  chemical  transformation)  control 
chemical  partitioning,  decomposition,  decay  and  re- 
combination. 


The  loss  of  pesticides  in  subsurface  drainage  is 
usually  small  due  to  pesticide  adsorption  to  soil,  in 
particular  to  tight  clay  or  organic  soils.  The  excep- 
tions are  weakly  adsorbed  anionic  herbicides  such  as 
dicamba,  picloram,  2,4-D  propionic  acid  or 
amibcn""'*'.  Pesticides  are  generally  not  found  in 
ground  or  tile  water'"'""™;  when  they  are  found  in 
these  waters,  they  are  at  dilute  concentrations''"''"-''" 
or  are  the  result  of  polluted  irrigation  water"*  or  direct 
contamination"'.  In  suidies  on  herbicide  runoff  loss'™, 
it  was  found  that  where  herbicides  were  surface  ap- 
plied with  discing  carried  out  with  or  following  appli- 
cation, runoff  losses  were  markedly  reduced;  how- 
ever, those  herbicide  losses  which  did  occur  were 
mostly  (75%)  associated  with  dissolution  in  water  and 
therefore  erosion  control  measures  would  be  ineffec- 
tive. The  average  herbicide  concenu^tions  in  runoff 
from  treated  fields  is  low  (ppb  level)  in  the  long  term; 
however,  intense  rainfall  or  rainfall  shortly  after  appli- 
cation can  result  in  high  (ppm  level)  concenu^tions  in 
runoff  water"^ 


The  impact  of  snowmelt  on  nuuient  concentra- 
tions has  been  studied.  Snowmelt  has  been  deter- 
mined to  account  for  56  to  100  percent  of  soluble 
nitrogen  loss  from  mixed  cover  watersheds'". 
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The  concentrations  of  pesticides  in  runoff  water 
from  agricultural  areas  only  exceeds  drinking  water 
objectives  some  of  the  time'".  In-stream  (rivers,  lakes 
and  ground  water)  concentrations  rarely  exceed  the 
criteria.  As  far  as  nutrients  are  concerned,  the  drinking 
water  objective  for  nitrate  is  sometimes  exceeded  in 
surface  and  ground  waters  receiving  agricultural  run- 
off: however,  instances  have  been  noted  where  the 
concentrations  in  rainwater  themselves  exceed  these 
criteria.  It  is  possible  that  ammonia  levels  in  runoff 
can  exceed  2  ppm  which  may  be  acutely  toxic  to  fish. 
In  addition,  concentrations  of  nitrogen  and  phospho- 
rus in  runoff  from  intensively  farmed  cropland  are 
usually  sufficient  for  the  growth  of  algae  in  nearby 
receiving  waters'". 


The  problem  of  contamination  of  the  Welland 
and  Niagara  Rivers  from  agricultural  areas  on  the 
Canadian  side  of  the  Niagara  River  has  traditionally 
been  viewed  as  a  minor  contribution  to  a  much  larger 
and  complex  problem.  Suspended  solid  information 
for  the  Welland  River,  measured  at  Empire  Comers, 
suggest  that  this  might  not  be  a  minor  problem  but 
may  be  a  significant  cause  ofdepressed  fish  populatiCHis 
in  the  Welland  River. 


Recent  efforts  have  centred  on  identifying  and 
solving  contamination  from  point  source  discharges 
and  landfills.  In  considering  the  need  for  pollution 
controls,  the  relationships  (timing,  flows  and  loads) 
between  point  and  non-point  sources  of  pollution  are 
very  important.  Statements  are  sometimes  made  that 
control  of  point  sources  is  not  necessary  because  they 
only  contribute  a  small  percentage  of  the  load  a  water 
body  receives.  However,  it  must  be  remembered  that 
the  point  source  is  often  a  nearly  constant  load  regard- 
less of  streamflow,  whereas  the  non-point  load,  if 
from  surface  runoff,  usually  comes  only  during  short- 
duration,  high  flows.  Therefore,  if  concentration- 
duration  criteria  for  a  problem  are  used,  the  pomt 
source  may  represent  a  much  greater  problem,  if 
uncontrolled,  than  its  percentage  of  the  total  load 
would  indicate'". 


In  order  lo  properly  define  the  amount  of  con- 
lamination  from  these  sources,  more  extensive  inves- 
tigation may  be  required.  This  basin-iniensive  type  of 


data  collection  may  involve  wash-off  monitoring  over 
specifically  defined  areas,  determination  of  contribut- 
ing areas  to  various  monitoring  points  and  evaluation 
of  the  effect  of  distance  on  the  area's  hydraulic  and 
biogeochemical  processes.  The  questicHi  of  distance 
also  brings  into  consideration  additive  effects  and 
multi -media  interactions. 


5.6  Waste  Disposal  Sites 


Solid  waste  disposal  associated  with  industrial 
and  municipal  activities  has  been  deposited  in  a 
number  of  landfills  throughout  the  Province  of  On- 
tario. Within  the  Niagara  and  Welland  River  water- 
sheds, 16  landfill  sites  were  identified  in  1983  by  the 
Ontario  Ministry  of  the  Environment'^'  as  part  of  the 
studies  undertaken  for  the  Niagara  River  Toxics  Com- 
mittee. In  addition  to  existing  closed  and  operating 
landfills,  the  Ontario  Waste  Management  Corporation 
has  also  selected  its  prime  candidate  site  within  the 
drainage  boundaries  of  the  Welland  River.  Of  the  16 
landfill  sites  identified  by  the  NRTC.  in  its  1984 
report,  five  of  these  were  identified  as  having  a  signifi- 
cant potential  to  impact  on  the  water  system*.  This 
significant  site  classification  does  not  necessarily  im- 
ply that  off-site  contaminant  migration  is  actually 
occurring*.  The  five  sites  classified  by  the  NRTC  as 
significant  are  indicated  in  the  following  table. 
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The  first  four  siles  come  under  provincial  juris- 
diction while  the  fifth  is  under  federal  jurisdiction. 
Investigations  have  been  undertaken  at  all  five  of 
these  landfills. 


Atlas  Landnu 


Atlas  Steels  has  operated  a  17.7  ha.  landfill  on 
the  east  bank  of  the  Welland  River  since  the  1930's**'. 
This  site  is  located  at  the  north  end  of  Welland  imme- 
diately north  of  the  new  Woodlawn  Ave.-  Cambridge 
Rd.  extension  (Figure  5.11).  Wastes  disposed  of  at 
this  site  is  primarily  electric  furnace  slag  but  in  the 
past  has  also  included  baghouse  dust,  concrete  and 
refractory  rubble,  lining  bricks,  metal  scale,  grinding 
swarf,  excavated  soils  and  waste  acid  sludges  and 
rinses'".  This  waste  was  never  measured  nor  weighed. 
Since  1984,  waste  acids  ceased  to  be  transported  to  the 
landfill. 


The  slag  disposed  at  the  site  is  predominantly 
calcium  oxide  and  silicon  dioxide  with  minor  amounts 
of  alumina,  magnesium  oxide,  manganese  oxide,  chro- 
mate  and  iron  oxides.  It  may  also  contain  zinc,  nickel 
and  cadmium  oxides.  For  the  most  part,  heavy  metals 
in  slag  tend  to  remain  in  place  due  to  the  chemical 
properties  of  metals  in  this  highly  alkaline  medium. 
Provided  the  metals  are  kept  at  high  pH,  ihey  do  not 
dissolve  in  water  (with  the  exception  of  lead). 


The  major  problem  with  Atlas'  landfill  arose  in 
1982  with  the  mixture  of  the  heavy-metal  bearing  slag 
with  waste  acids.  The  site  has  been  used  over  the  years 
for  the  disposal  of  these  spent  acid  wastes  and  acid 
rinses  in  a  natural  depression  in  the  centre  of  the 
landfill  since  a  clay  bottom  already  existed  there.  The 
walls  of  the  depression  were  extended  upwards  by 
landfilling  the  slag  material.  As  acidic  waters  over- 
flowed the  natural  depression,  they  ran  through  the 
permeable  slag  cover  and  became  neuffalized  by  the 
alkaline  lime  in  the  slag  before  emerging  at  the  toe  of 
the  landfill.  Problems  arose  when  the  "buffering 
capacity"  of  the  slag  between  the  depression  and  the 


toe  had  been  used  up.  In  the  early  1980's  the  water 
leaking  from  the  toe  of  the  landfill  started  to  emerge  at 
low  pH.  This  acidic  water  also  started  to  dissolve  the 
heavy  metals  in  the  spent  slag  and  cany  them  away  to 
the  Welland  River. 


Atlas  Investigations 


The  Ontario  Ministry  of  the  Environment  con- 
ducted a  preliminary  hydrogeological  investigation  of 
this  landfill"^  It  was  concluded  that  the  tight  clay 
soils  of  the  area  would  prevent  any  significant  down- 
ward migration  of  contaminants"'-"'  (heavy  metals). 
Lateral  migration  of  contaminants  was  resuicted  by 
the  construction  of  a  clay  berm  around  the  toe  of  the 
landfUl  and  treatment  of  solids  in  a  settling  pond  prior 
to  discharge  to  the  Welland  River.  The  major  cause  of 
contaminant  movement,  the  waste  acid,  was  removed 
from  the  depression  in  1985  and  treated  at  Atlas'  waste 
acid  solidification  plant  (WASP)  constructed  under  a 
Ministry  Control  Order.  Waste  acids  generated  in 
Atlas'  processes  are  now  all  neutralized  at  the  WASP. 
The  solidified  heavy  metal  WASP  sludges  are  now 
disposed  of  at  the  landfill  in  an  engineered  facility  in 
alternating  layers  with  alkaline  slag  to  keep  the  heavy 
metals  immobilized  as  part  of  Atlas'  operations  man- 
agement plan*".  The  landfilling  of  heavy  metals  in  a 
strong  alkaline  environment  is  designed  to  retain  these 
contaminants  in  their  solid  phase  and  prevent  migra- 
tion to  surface  waters.  Capping  of  the  closed  portions 
of  the  landfill  with  native  clays  is  continuing  to  restrict 
infiluation.  A  long  term  monitoring  program  for  the 
landfill  was  prepared  in  1987*"  following  recommen- 
dations in  the  Minisuy's  study  and  requirements  of  the 
Minisuy's  staff  in  the  Welland  District  Office  in  1 986. 
The  monitoring  program  recognizes  that  the  prime 
pathway  for  contaminant  migration  is  through  and/or 
under  the  berm  separating  the  landfill  from  the  Welland 
River  and  its  flood  plain.  There  is  a  collection  ditch 
between  the  landfill  and  the  berm.  The  ditch  water 
and  local  runoff  is  collected  in  a  settling  pond  which 
overflows  to  the  Welland  River.  Elevated  levels  of 
Al,  Mo.  Cr  and  Cu  were  present  in  this  discharge  in 
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1987  although  ihe  pH  remained  above  9.  A  surface 
water  and  ground  water  monitoring  program  was  rec- 
ommended for  the  site  to  evaluate  changes  over  time. 


Cyanamid  Welland  Landfill 


Cyanamid's  Welland  Plant  occupies  a  large  tract 
of  land  on  the  north  bank  of  the  Welland  River  at  the 
northwest  comer  of  Gamer  and  Chippawa  Creek  Roads 
on  the  border  between  Niagara  Falls  and  Thorold 
(Figure  5.12).  The  planisite  is  located  on  a  flat  lo 
gently  rolling  clay  plain.  A  large  pan  of  the  property 
is  taken  up  by  a  series  of  solid  waste  "slurry"  cells  used 
to  dispose  of  process  slurries  from  the  Welland  Plant 
operations  since  1942.  Cyanamid's  properly  is  bi- 
sected by  Thompson's  Creek  in  an  east-west  direction. 
Process  wastewaters  are  discharged  to  the  creek  from 
the  plant  which  sits  on  the  south  side  of  the  creek;  most 
of  the  slurry  cells  are  on  the  north  side.  These  cells, 
cover  some  97  hectares  of  the  plant  site  and,  for  the 
most  part,  predate  the  approvals  process.  Cyanamid 
also  operates  three  approved  (C  of  A  A820065)  waste 
disposal  sites  which  are  still  in  operation. 


A  three  h«:tare  site,  the  West  Dump,  is  ap- 
proved to  receive  0.9  tonnes  per  day  of  non-hazardous 
wastes  generated  at  the  Welland  Plant  including:  floor 
sweepings,  fly  ash,  scrap  fibre  and  steel  dmms,  wood 
and  filter  material'".  This  dumpsite  was  the  focus  of 
litigadon  in  1983,  when  workers,  excavating  part  of 
the  waste  site  for  Cyanamid's  wastewater  treatment 
facilities,  were  affected  by  fumes  from  the  waste 
material.  The  problem  has  since  been  attributed  to 
small  amounts  of  chemicals  having  been  accumulated 
with  the  wastes  and  released  during  the  excavation 
procedures.  Empty  45  gallon  dmms  were  removed  in 
1982.  reusable  ones  to  a  scrap  metal  dealer  and  unus- 
able ones  (about  200)  to  the  Brown  Road  Dump"'. 
Operations  at  the  West  Dump  are  now  more  rigorously 
controlled  including  control  of  burning  practices  and 
the  establishment  of  a  new  drum  holding  area. 


A  second  area,  the  Brown  Road  Dump,  located 
on  top  of  cells  4  and  6  on  the  north  edge  of  the 
plantsite.  is  approved  to  accept  45.000  tonnes  per  year 
of  100%  non-hazardous  waste,  primarily  lime,  lime- 
stone, carbon,  ash,  calcium  carbonate,  calcium  oxide, 
mbble  and  coke  dust  from  Cyanamid's  other  plant  on 
Fourth  Avenue  in  Niagara  Falls.  This  site  has  been  in 
operation  since  1974  when  cyanide-bearing  wastes 
from  areas  at  the  Niagara  Falls  plant  associated  with  a 
calcium  cyanide  process  were  moved  to  this  site.  Also 
disposed  at  the  Brown  Road  Dump  are  rubble,  scrap 
steel,  constmction  wastes  and.  at  one  time,  empty  non- 
reusable  metal  dmms  (in  poor  condition)  from  the 
West  Dump. 


The  third  approved  site  is  the  currently  operat- 
ing waste  sludge  cell  number  1 1 .  Cell  1 1  is  currently 
receiving  waste  sludge  from  the  plant;  however,  much 
of  the  sludge  is  now  reused  in  the  plant  processes  and 
the  cell  life  has  been  substantially  extended. 


The  slurry  cells,  dating  back  to  World  War  2,  are 
various  shapes  and  sizes,  contained  by  clay  bcrms. 
Until  1974,  the  waste  material  consisted  of  a  calcium 
oxide/  calcium  carbonate  slurry  from  the 
dicyandiamide  plant  mixed  with  waste  acid  from  the 
picrite  (nitroguanidine)  plant*".  Cell  #6  also  received 
32,CXX)  tonnes  of  cyanide-bearing  (0.16%)  waste  from 
the  Fourth  Avenue  planL  In  1974,  graphite  and  lime 
wastes  from  the  Fourth  Avenue  plant  were  added  to 
the  slurry  for  neutralization.'" 


The  picrite  plant  was  closed  in  the  early  1980's 
and  the  slurry  now  originates  in  the  dicyandiamide 
and  phosphine  plants.  The  slurry  (20%  solids)  con- 
sists of  50%  CraCO,,  40%  CaSO,.  and  10%  graphite. 
The  slurry  has  always  been  pumped  lo  a  raised  cell 
(currently  a  5-6m.  high  clay-bermed  lagoon)  where 
the  sohds  settled  out  and  the  water  fraction  decanted 
to  Thompson's  Creek.  As  each  cell  filled,  ii  was 
covered  with  approximately  20cm.  of  local  clay  soils 
and  seeded.  Some  cells  are  filled  to  a  depth  of  12  m. 
with  the  wastes.  Although  berm  failure  has  occurred 
in  the  past,  none  have  taken  place  since  1974.  Most  of 
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the  older  cells  are  wcU  vegetated  with  a  wide  variety 
of  plants  and  occupied  by  a  large  mixture  of  wildlife 
including  deer  and  coyote. 


Cyanamid  Welland  Investigations 


In  1983,  Cyanamid  was  involved  in  litigation 
with  the  Ontario  Ministries  of  Environment  and  La- 
bour. This  litigation  resulted  in  an  agreement  between 
the  parties  and  approved  by  the  court  which  provided 
for  a  thorough  hydrogeological  evaluation  of  the  en- 
tire plant  site  which  was  reclassified  in  total  as  a  waste 
disposal  site.  The  investigation,  started  in  March. 
1984  by  Gartner  Lee  Ltd.  was  designed  to  define  the 
hydrogeology  of  the  site  along  with  the  surface  fiow 
regime,  the  location  of  waste  deposits,  the  interaction 
of  waste  and  water  and  the  potential  for  contaminant 
movement  and  provision  for  recommendations  for  a 
monitoring  program. 


The  investigations  revealed  the  presence  of  an 
abandoned  mine  tailings  site  on  the  southwest  comer 
of  the  property.  Part  of  this  area  also  involves  a 
100.000  m^  area  of  1  m  deep  sandy  fill  (tailings)  which 
abutted  the  West  Dump  Site  on  the  southwest  comer 
and  water  movement  through  this  sandy  fill  is  subject 
to  a  monitoring  program.  This  site,  operated  by 
Noranda  Inc.  on  leased  land  has  been  rehabilitated  by 
Cyanamid  as  part  of  its  Control  Order  program. 


The  investigations  also  identified  a  network  of 
utility  excavations  in  the  shallow  weathered  clay  be- 
neath the  operational  area  of  the  plant  site  between 
Thompson's  Creek  and  the  Welland  River.  Shallow 
ground  water  movement  in  this  area  is  dominated  by 
the  bedding  of  these  excavations.  Some  of  the  utilities 
and  their  bedding  are  causing  drawdowns  of  the  water 
table  and  are  acting  as  ground  water  drains  and  dis- 
charges'"'^. The  study  concluded  that  the  depth  (9- 
15m.)  and  the  type  (stratified  ixustrine  clayey  silts)  of 
overburden  at  this  site  would  make  ground  water 
transport  a  problem  only  in  the  weathered  upper  3- 
5m.,  with  downward  movement  of  contaminants  in- 


hibited by  the  lower  unweathered  clays  which  operate 
as  an  aquitard  to  this  migration'".  Contamination, 
where  present,  is  in  the  weathered  clay  surface  soils. 
Migration  of  contaminants  off-site  is  highly  unlikely. 
Problems  where  present  were  identified  to  be  of  a 
surface  water  namre*™.  The  majority  of  contaminant 
movement  occurs  on  the  surface  and  through  the 
utility  systems  to  surface  waters'".  There  is  great 
difficulty  in  separating  the  identification  of  contami- 
nated ground  water  infiltration  from  process 
wastewater  in  discharge  from  these  sewers. 


Contaminants  identified  with  subsurface  waters 
as  elevated  above  background  levels  include:  nitrates, 
nitrites,  ammonia,  TKN,  cyanide  (at  Brown  Road 
Dump),  fluoride,  sulphate  (at  the  West  Dump  and  the 
bermed  cells),  and  chromium  (associated  with  wastes 
ft-om  the  Fourth  Avenue  plant). 


The  study  was  completed  in  1986  and  submitted 
to  the  Ministry  of  the  Environment  for  review.  The 
Ministry  has  responded  to  Cyanamid.  generally  agree- 
ing with  the  consultant's  findings  and  has  asked  Cy- 
anamid 10  proceed  with  implementing  the  report's 
recommendations.  The  Ministry  is  presently  request- 
ing Cyanamid  to  undertake  a  surface  water  control  and 
management  program  on  the  site. 


Cyanamid  Niagara  Falls  Landfill 


The  landfills  that  comprise  this  area  are  located 
to  the  north  of  the  Fourth  Avenue  plant  in  the  City  of 
Niagara  Falls.  The  sites  are  bounded  by  the  Whirl- 
pool. Victoria  Avenue.  Bridge  Street,  the  Power  Canal 
and  the  Sl  David's  buried  gorge.  The  lands  involved 
are  owned  by  Cyanamid.  CN  Rail.  Ontario  Hydro, 
Theeb  Ltd.  and  the  City  of  Niagara  Falls.  The  Wastes 
were  generated  by  Cyanamid  at  the  Fourth  Avenue 
plant.  In  various  cases,  this  waste  is  mixed  with  waste 
from  other  owners:  shot  njck  from  canal  construction 
(Hydro),  construction  rubble  and  debris  (Theeb),  rail- 
car  sweepings  (CNR)  and  incinerator  ash  (Niagara 
Falls).  The  Cyanamid  waste  was  generated  between 
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1917  and  1973  from  the  production  of  calcium  cyanide 
and  calcium  cyanamide  and  disposed  primarily  on 
lands  leased  from  Ontario  Hydro.  In  1979,  about 
32,000  tonnes  of  above-grade  waste  was  removed  from 
Ontario  Hydro  property  (area  B-1)  to  the  Brown  Road 
Dump  at  Cyanamid's  Welland  Plant. 


The  area  involved  at  the  Niagara  Falls  plant 
includes  three  ancestral  ravines  (subsequently  identi- 
fied as  A,  B  and  C)  into  which  waste,  Cyanamid  raw 
materials  and  fill  material  were  placed  lo  ground 
level.  The  creek  beds  of  these  ancestral  ravines  are 
potential  contaminant  pathways  for  surface  and  ground 
water  migration.  The  QueenstCHi-Chippawa  Power 
Canal,  the  St.  David's  Buried  Gorge  and  the  Whirl- 
pool Gorge  form  hydrogeologic  boundaries  to  con- 
taminant migration  because  they  act  as  receivers. 
Discontinuous  layers  of  clay,  till  and  sand  provide 
potentia]  for  lateral  and  vertical  ground  water  con- 
taminant migration  in  certain  areas,  along  with  natural 
weathering  of  surface  soils  and  relief  fracturing  of 
bedrock  formations  near  the  gorge  edges  and  around 
the  power  canal. 

Cyanamid  Niagara  Falls 
Investigations 


The  Ontario  Ministry  of  the  Environment  under- 
took a  preliminary  investigation"*  of  a  portion  of  this 
site,  later  identified  as  area  B-1  following  the  recom- 
mendations of  the  NRTC.  This  investigation  led  to  the 
identification  of  substantial  amounts  of 
Cyanam id-generated  waste  at  site  B-1 
despite  the  removal  of  considerable  waste 
material  in  1979.  The  contaminant  iden- 
tified was  cyanide.  Following  the  Minis- 
try's report  and  consideration  of  the  rec- 
ommendations by  the  site  owners  (On- 
tario Hydro,  Cyanamid,  Theeb  Ltd.)  and 
the  waste  generator  (Cyanamid),  detailed 
investigations  were  undertaken*"*"^**"*" 
to  define  the  extent  of  the  problem.  In  the 
reports  on  these  investigations,  reviewed 
by  the  Minisn^,  consultants  to  the  owner/ 
generator  identified  a  series  of  disposal 


sites  in  the  vicinity  of  the  Ministry -identified  landfill. 
Although  the  site  originally  identified  by  the  Ministry 
for  the  NRTC  appears  to  contain  the  highest  amount  of 
cyanide  contamination,  the  other  sites  were  identified 
as  having  some  portion  of  Cyanamid-generated  materi- 
als present.  Offsite  migration  was  not  found  to  impact 
the  Niagara  River  at  that  time*".  A  chain-link  fence 
was  placed  to  restrict  access  to  the  originally  identified 
site  and  to  other  identified  sites.  Consultants  for  the 
owner/generator  have  investigated  all  of  the  areas  origi- 
nally identified.  Phased  studies  have  been  conducted 
for  the  wastes,  overburden  and  bedrock. 


It  has  been  concluded*"  that  ground  water  is 
mounded  in  the  waste.  This  causes  leachate  lo  seep 
around  the  periphery  of  the  waste  deposits.  Most 
contaminated  ground  water  flows  vertically  down- 
ward through  the  overburden  soils  to  the  top  of  the 
bedrock  where  it  moves  laterally  through  the  weath- 
ered top  zone.  All  nitrogenous  species,  including  free 
cyanide  are  present  in  the  ground  water.  Natural 
processes  (photolysis,  volatilization  and  microbial 
oxidation)'"  appreciably  degrade  free  cyanide  once  it 
reaches  the  surface  waters  and  some  processes  also 
reduce  levels  in  the  ground  water  by  conversion  to 
total  cyanide  (unavailable)  and  to  ammonia  as  it  mi- 
grates. Total  cyanide  is  a  form  generally  not  taken  up 
by  aquatic  organisms.  Estimates  of  loadings  from 
ground  water*"  are  listed  in  the  Contaminant  Loading 
Table  below. 


Contaminant  Loading  from  Cyanamid  N.F. 
Landfills:  g/day 

Receiver 

FreeCN- 

Total  CN- 

Ainnioiiia 

Power  Canal 

136 

5128 

30.000 

Whirlpool 

67 

370 

4.726 

Buried  Gorge 

0.4 

406 

550 

Total  Load  (kg/day) 

0.2 

5.9 

35 

Reference:  403               | 
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Figure  5. 13     CYANAMID  NIAGARA  LANDFILL 
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These  studies  have  shown  both  free  and  total 
cyanide  contamination  of  all  the  strata  that  were  inves- 
tigated. Although  this  chemical  is  reaching  the  power 
canal,  it  is  rapidly  converted  to  nitrate  nitrogen.  No 
evidence  of  this  contaminant  reaching  the  Niagara 
River  exists.  The  sole  chemical  contaminant  associ- 
ated with  these  sites  remains  cyanide.  A  detailed 
review  on  other  wastes  and  disposal  areas  led  lo  the 
discovery  of  a  small  deposit  of  Thimet  (organic  phos- 
phate pesticide)  in  the  waste  material  of  the  Ontario 
Hydro  right-of-way  section  of  area  A-2*".  Subse- 
quent ground  water  monitoring  showed  no  levels  of 
Thimet  detected  in  5  adjacent  ground  water  monitors. 

Cyanamid  and  Ontario  Hydro  have  prepared  a 
remedial  plan  for  each  of  these  sites.  This  plan  was 
submitted  to  the  Minisuy  of  the  Environment  in  No- 
vember 1991  and  is  currently  under  review.  Details  of 
this  plan  will  be  presented  to  the  pubhc  in  the  spring  of 
1992.  If  the  proposed  plan  is  acceptable,  remediation 
is  anticipated  to  start  in  1993. 


Bridge  Street  Landfill 


The  Bridge  Street  landfill  is  the  current  munici- 
pal landfill  site  for  the  Town  of  Fort  Erie  and  is  located 
in  the  northeast  comer  of  Bridge  Street  and  Pettit  Road 
on  the  western  edge  of  Fort  Erie  (Figure  5.14).  The 
site  (under  Ministry  of  the  Environment  Certificate  of 
Approval  No.  AI20501  to  receive  solid  non-hazard- 
ous waste  and  sewage  sludges)  has  been  operational 
since  1972.  Prior  lo  that  year,  the  site  was  privately 
operated.  The  site  lies  on  a  poorly  drained,  gently- 
sloping  clay  plain  dissected  by  several  creeks  draining 
to  the  north  and  ultimately  to  the  Niagara  River.  This 
Haldimand  clay  plain  exhibits  varying  thickness.  At 
the  site,  the  overburden  ranges  from  less  than  1.0m  to 
4m  in  thickness.  The  site  straddles  a  rock  scaip.  likely 
the  Onondaga  Escarpment,  which  runs  beneath  the 
site  in  an  east-west  direction.  A  small  scarp  also  exists 
north  of  the  site.  The  south  portion  of  the  site  used  to 
be  occupied  by  shallow  sewage  sludge  lagoons  and 
may  also  have  been  involved  with  early  landfill  opera- 
tions involving  trenching.   The  sludge  lagoons  were 


closed  in  1988  and  that  area  is  now  part  of  the  landfill. 
General  ground  water  movement  beneath  the  site  is 
from  south  to  north.  Movement  within  the  waste  and 
nearby  surface  water  is  to  the  northeast  and  northwest. 
There  is  a  potential  for  surface  waters  to  move  offsite 
in  the  same  directions.  This  effect  was  noted  in  early 
investigations'"  and  the  Town  of  Fort  Erie  has  taken 
steps  to  contain  surface  water  runoff  on  site  or  on  an 
adjacent  buffer  property. 


Records  show  that  the  landfill  was  used  by  a 
number  of  local  industries  in  the  early  days.  Although 
most  waste  materials  were  inert,  the  potential  for  some 
toxic  wastes  being  disposed  here  exists.  The  site  was 
operated  with  open  access  and  without  security  for  the 
first  12  years  of  operation.  The  site  is  currently 
approved  for  156.000  cubic  metres  of  waste  and  the  C 
of  A  expires  in  1992. 


Bridge  Street  Investigations 


In  1984,  the  Fort  Erie  Municipal  LandfiU  on 
Bridge  Street  was  identified  by  the  NRTC  as  having 
significant  potential  lo  contaminate  the  Niagara  River. 
This  finding  was  based  on  the  identification  of  con- 
lamination  in  ground  water  beneath  the  site.  In  further 
investigations  by  consultants  to  the  Town,  it  was 
found  that  contamination  was  by  conventional  anion 
(carbonates,  sulphates  and  chlorides)  and  caiion  (so- 
dium, iron  and  manganese)  contaminants  and  that 
contamination  was  assimilated  close  to  the  landfill 
site.  Subsequently,  the  Town  of  Fort  Erie  expropri- 
ated undeveloped  property  downgradieni  of  the  landfill 
to  serve  as  a  buffer  zone  for  assimilation  of  contami- 
nants in  the  shallow  ground  water  system.  The  Minis- 
try of  the  Environment  conducted  a  hydrogeological 
reeval nation'"  of  data  collected  at  Uie  site  and  several 
concerns  were  identified.  These  concerns  involved 
the  placement  and  sampling  of  wells,  monitoring  pro- 
grams and  concern  over  surface  water  contamination. 
Consultants  for  the  town  of  Fort  Erie  rapidly  re- 
sponded to  these  concerns  with  a  detailed  assessment 
of  the  hydrogeology  of  the  site.**'  Surface  water  con- 
trol was  instituted  with  construction  of  a  drainage 
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Figure  5. 14       FORT  ERIE  -  BRIDGE  ST.  LANDFILL 
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Figure  5. 12    CYANAMID  WELLAND  LANDFILL 
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the  older  cells  are  well  vegetated  with  a  wide  variety 
of  plants  and  occupied  by  a  large  mixture  of  wildlife 
including  deer  and  coyote. 


Cyanamid  Welland  Investigations 


In  1983,  Cyanamid  was  involved  in  litigation 
with  the  Ontario  Ministries  of  Environment  and  La- 
bour. This  litigation  resulted  in  an  agreement  between 
the  parties  and  approved  by  the  court  which  provided 
for  a  thorough  hydrogeological  evaluation  of  the  en- 
tire plant  site  which  was  reclassified  in  total  as  a  waste 
disposal  site.  The  investigation,  started  in  March, 
1984  by  Gartner  Lee  Ltd.  was  designed  to  define  the 
hydrogeology  of  the  site  along  with  the  surface  flow 
regime,  the  location  of  waste  deposits,  the  interaction 
of  waste  and  waur  and  the  potential  for  contaminant 
movement  and  provision  for  recommendations  for  a 
monitoring  program. 


The  investigations  revealed  the  presence  of  an 
abandoned  mine  tailings  site  on  the  southwest  comer 
of  the  property.  Part  of  this  area  also  involves  a 
100.000  m'  area  of  1  m  deep  sandy  fill  (tailings)  which 
abutted  the  West  Dump  Site  on  the  southwest  comer 
and  water  movement  tiirough  this  sandy  fill  is  subject 
to  a  monitoring  program.  This  site,  operated  by 
Noranda  Inc.  on  leased  land  has  been  rehabilitated  by 
Cyanamid  as  part  of  its  Control  Order  program. 


The  investigations  also  identified  a  network  of 
utility  excavations  in  the  shallow  weathered  clay  be- 
neath the  operational  area  of  the  plant  site  between 
Thompson's  Creek  and  the  Welland  River.  Shallow 
ground  water  movement  in  this  area  is  dominated  by 
the  bedding  of  these  excavations.  Some  of  the  utilities 
and  their  bedding  are  causing  drawdowns  of  the  water 
table  and  are  acting  as  ground  water  drains  and  dis- 
charges'"-"'.  The  study  concluded  that  the  deptii  (9- 
15m.)  and  the  type  (stratified  lacustrine  clayey  silts)  of 
overburden  at  this  site  would  make  ground  water 
transport  a  problem  only  in  the  weathered  upper  3- 
5m.,  with  downward  movement  of  contaminants  in- 


hibited by  the  lower  unweathered  clays  which  operate 
as  an  aquitard  to  this  migration'".  Contamination, 
where  present,  is  in  the  weathered  clay  surface  soils. 
Migration  of  contaminants  off-site  is  highly  unlikely. 
Problems  where  present  were  identified  to  be  of  a 
surface  water  nature*^.  The  majority  of  contaminant 
movement  occurs  on  the  surface  and  through  the 
utility  systems  to  surface  waters'".  There  is  great 
difficulty  in  separating  the  identification  of  contami- 
nated ground  water  infiltration  from  process 
wastewater  in  discharge  from  these  sewers. 


Contaminants  identified  with  subsurface  waters 
as  elevated  above  background  levels  include:  nitrates, 
nitrites,  ammonia,  TKN,  cyanide  (at  Brown  Road 
Dump),  fluoride,  sulphate  (at  the  West  Dump  and  the 
bermed  cells),  and  chre>mium  (associated  widi  wastes 
from  the  Fourth  Avenue  plant). 


The  study  was  completed  in  1986  and  submitted 
to  the  Ministry  of  the  Environment  for  review.  The 
Ministry  has  responded  to  Cyanamid,  generally  agree- 
ing with  the  consultant's  findings  and  has  asked  Cy- 
anamid to  proceed  with  implementing  the  report's 
recommendations.  The  Ministry  is  presently  request- 
ing Cyanamid  to  undertake  a  surface  water  control  and 
management  program  on  the  site. 


Cyanamid  Niagara  Falls  Landfill 


The  landfills  that  comprise  this  area  are  located 
to  the  north  of  the  Fourth  Avenue  plant  in  the  City  of 
Niagara  Falls.  The  sites  are  bounded  by  the  Whirl- 
pool, Victoria  Avenue,  Bridge  Street,  the  Power  Canal 
and  the  St.  David's  buried  gorge.  The  lands  involved 
are  owned  by  Cyanamid,  CN  Rail,  Ontario  Hydro, 
Theeb  Ltd.  and  the  City  of  Niagara  Falls.  The  Wastes 
were  generated  by  Cyanamid  at  the  Fourth  Avenue 
plant.  In  various  cases,  this  waste  is  mixed  witii  waste 
from  other  owners;  shot  rock  from  canal  construction 
(Hydro),  consdiiction  rubble  and  debris  (Theeb),  rail- 
car  sweepings  (CNR)  and  incinerator  ash  (Niagara 
Falls).  The  Cyanamid  waste  was  generated  between 
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1917  and  1973  from  the  production  of  calcium  cyanide 
and  calcium  cyanamide  and  disposed  primarily  on 
l^ds  leased  from  Ontario  Hydro.  In  1979.  about 
32,000  tonnes  of  above-grade  waste  was  removed  from 
Ontario  Hydro  property  (area  B-1)  to  the  Brown  Road 
Dump  at  Cyanamid's  Welland  Plant. 


The  area  involved  at  the  Niagara  Falls  plant 
includes  three  ancestral  ravines  (subsequently  identi- 
fied as  A.  B  and  C)  into  which  waste,  Cyanamid  raw 
materials  and  fill  material  were  placed  lo  ground 
level.  The  creek  beds  of  these  ancestral  ravines  are 
potential  contaminant  pathways  for  surface  and  ground 
water  migration.  The  Quecnston-Chippawa  Power 
Canal,  the  St.  David's  Buried  Gorge  and  the  Whirl- 
pool Gorge  form  hydrogeologic  boundaries  to  con- 
taminant migration  because  they  act  as  receivers. 
Discontinuous  layers  of  clay,  till  and  sand  provide 
potential  for  lateral  and  vertical  ground  water  con- 
taminant migration  in  certain  areas,  along  with  natural 
weathering  of  suri^ace  soils  and  relief  fracturing  of 
bedrock  formations  near  the  gorge  edges  and  around 
the  power  canal. 

Cyanamid  Niagara  Falls 
Investigations 


The  Ontario  Ministry  of  the  Environment  under- 
took a  preliminary  investigation"'  of  a  portion  of  this 
site,  later  identified  as  area  B-1  following  the  recom- 
mendations of  the  NRTC.  This  investigation  led  lo  the 
identification  of  substantial  amounts  of 
Cyanam  id-generated  waste  at  site  B-1 
despite  the  removal  of  considerable  waste 
material  in  1979.  The  contaminant  iden- 
tified was  cyanide.  Following  the  Minis- 
try's  report  and  consideration  of  the  rec- 
ommendations by  the  site  owners  (On- 
tario Hydro,  Cyanamid,  Theeb  Ltd.)  and 
the  waste  generator  (Cyanamid),  detailed 
investigations  were  undertaken"' ■*°^*"*^ 
lo  defuie  the  extent  of  the  problem .  In  the 
reports  on  these  investigations,  reviewed 
by  the  Ministry,  consultants  to  the  owner/ 
generator  identified  a  series  of  disposal 


siies  in  the  vicinity  of  the  Ministry-identified  landfill. 
Although  the  site  originally  identified  by  the  Ministry 
for  the  NRTC  appears  lo  contain  the  highest  amount  of 
cyanide  contamination,  the  other  sites  were  identified 
as  having  some  portion  of  Cyanam  id-generaied  materi- 
als present.  Offsite  migration  was  not  found  to  impact 
the  Niagara  River  at  that  time*".  A  chain-link  fence 
was  placed  to  restrict  access  to  the  originally  identified 
site  and  to  other  identified  sites.  Consultants  for  the 
owner/generator  have  investigated  all  of  the  areas  origi- 
nally identified.  Phased  suidies  have  been  conducted 
for  ihe  wastes,  overburden  and  bedrock. 


It  has  been  concluded*"  that  ground  water  is 
mounded  in  the  waste.  This  causes  leachate  to  seep 
around  the  periphery  of  the  waste  deposits.  Most 
contaminated  ground  water  flows  vertically  down- 
ward through  the  overburden  soils  lo  the  lop  of  the 
bedrock  where  it  moves  laterally  through  the  weath- 
ered lop  zone.  All  nitrogenous  species,  including  free 
cyanide  are  present  in  the  ground  water.  Natural 
processes  (photolysis,  volatilization  and  microbial 
oxidation)'"  appreciably  degrade  free  cyanide  once  it 
reaches  the  surface  waters  and  some  processes  also 
reduce  levels  in  the  ground  water  by  conversion  to 
total  cyanide  (unavailable)  and  to  ammonia  as  it  mi- 
grates. Total  cyanide  is  a  form  generally  not  taken  up 
by  aquatic  organisms.  Estimates  of  loadings  from 
ground  water*"  are  listed  in  the  Contaminant  Loading 
Table  below. 


Contaminant  Loading  from  Cyanamid  N.F. 
Landfllls:  g/day 

Receiver 

FreeCN- 

Total  CN- 

Ammonia 

Power  Canal 

136 

5128 

30.000 

Whirlpool 

67 

370 

4,726 

Buried  Gorge 

0.4 

406 

550 

Total  Load  (kg/day) 

0.2 

5.9 

35 

Reference:  403 
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Figure  5. 13     CYANAMID  NIAGARA  LANDFILL 
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These  studies  have  shown  both  free  and  total 
cyanide  contamination  of  all  the  strata  that  were  inves- 
tigated. Although  this  chemical  is  reaching  the  power 
canal,  it  is  rapidly  convened  to  nitrate  nitrogen.  No 
evidence  of  this  contaminant  reaching  the  Niagara 
River  exists.  The  sole  chemical  contaminant  associ- 
ated widi  these  sites  remains  cyanide.  A  detailed 
review  on  other  wastes  and  disposal  areas  led  to  the 
discovery  of  a  small  deposit  of  Thimet  {organic  phos- 
phate pesticide)  in  the  waste  material  of  the  Ontario 
Hydro  right-of-way  section  of  area  A-2*".  Subse- 
quent ground  water  monitoring  showed  no  levels  of 
Thimet  detected  in  5  adjacent  ground  water  monitors. 

Cyanamid  and  Ontario  Hydro  have  prepared  a 
remedial  plan  for  each  of  these  sites.  This  plan  was 
submitted  to  the  Ministry  of  the  Environment  in  No- 
vember 1 99 1  and  is  currently  under  review.  Details  of 
this  plan  will  be  presented  to  the  pubhc  in  the  spring  of 
1992.  If  the  proposed  plan  is  acceptable,  remediation 
is  anticipated  to  start  in  1993. 


Bridge  Street  Landfiil 


The  Bridge  Street  landfill  is  the  current  munici- 
pal landfill  site  for  the  Town  of  Fort  Erie  and  is  located 
in  the  northeast  comer  of  Bridge  Street  and  Peitit  Road 
on  the  western  edge  of  Fort  Erie  (Figure  5.14).  The 
site  (under  Ministry  of  the  Environment  Certificate  of 
Approval  No.  A120501  to  receive  solid  non-hazard- 
ous waste  and  sewage  sludges)  has  been  operational 
since  1972.  Prior  to  that  year,  the  site  was  privately 
operated.  The  site  lies  on  a  poorly  drained,  gently- 
slopmg  clay  plain  dissected  by  several  creeks  draining 
to  the  north  and  ultimately  to  the  Niagara  River.  This 
Haldimand  clay  plain  exhibits  varying  thickness.  Ai 
the  site,  the  overburden  ranges  from  less  than  1.0m  to 
4m  in  thickness.  The  site  straddles  a  rock  scarp,  likely 
the  Onondaga  Escarpment,  which  runs  beneath  the 
site  in  an  east-west  direction.  A  small  scarp  also  exists 
north  of  the  site.  The  south  portion  of  the  site  used  to 
be  occupied  by  shallow  sewage  sludge  lagoons  and 
may  also  have  been  involved  with  early  landfill  opera- 
tions involving  trenching.   The  sludge  lagoons  were 


closed  in  1988  and  that  area  is  now  pan  of  the  landfill. 
General  ground  water  movement  beneath  the  site  is 
from  south  lo  north.  Movement  within  the  waste  and 
nearby  surface  water  is  to  the  northeast  and  northwest. 
There  is  a  potential  for  surface  waters  to  move  offsiie 
in  the  same  directions.  This  effect  was  noted  in  early 
investigations'"  and  the  Town  of  Fon  Erie  has  taken 
steps  to  contain  surface  water  runoff  on  site  or  on  an 
adjacent  buffer  property. 


Records  show  that  the  landfill  was  used  by  a 
number  of  local  industries  in  the  early  days.  Although 
most  waste  materials  were  inert,  die  potential  for  some 
toxic  wastes  being  disposed  here  exists.  The  site  was 
operated  widi  open  access  and  without  security  for  the 
first  12  years  of  operation.  The  site  is  currently 
approved  for  1 56,000  cubic  metres  of  waste  and  the  C 
of  A  expires  in  1992. 


Bridge  Street  Investigations 


In  1984,  the  Fon  Erie  Municipal  LandfiU  on 
Bridge  Street  was  identified  by  die  NRTC  as  having 
significant  potential  to  contaminate  die  Niagara  River. 
This  finding  was  based  on  die  identification  of  con- 
tamination in  ground  water  beneath  the  site.  In  further 
investigations  by  consultants  to  the  Town,  it  was 
found  that  contamination  was  by  conventional  anion 
(carbonates,  sulphates  and  chlorides)  and  cation  (so- 
dium, iron  and  manganese)  contaminants  and  diat 
contamination  was  assimilated  close  to  die  landfill 
site.  Subsequently,  die  Town  of  Fort  Erie  expropri- 
ated undeveloped  property  downgradient  of  the  landfill 
to  serve  as  a  buffer  zone  for  assimilation  of  contami- 
nants in  the  shallow  ground  water  system.  The  Minis- 
try of  the  Environment  conducted  a  hydrogeological 
reevaluauon^  of  data  collected  at  the  site  and  several 
concerns  were  idendfied.  These  concerns  involved 
the  placement  and  sampling  of  wells,  monitoring  pro- 
grams and  concern  over  surface  water  contamination. 
Consultants  for  the  town  of  Fort  Erie  rapidly  re- 
sponded to  these  concerns  with  a  detailed  assessment 
of  die  hydrogeology  of  die  site."'  Surface  water  con- 
trol was  instituted  with  construction  of  a  drainage 
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colleciion  dilch  and  surface  water  ponds.  Invesdga- 
lions  and  assessment  included  more  well  installations 
and  increased  and  expanded  ground  water  monitoring. 
In  the  hydrogeologic  assessment  of  the  site,  the  Town's 
consultants  generally  concluded  that  the  Bridge  Street 
landfill  had  not  caused  a  significant  impact  to  water 
resources  in  the  area,  was  not  a  threat  lo  any  known 
private  ground  water  supply  in  the  area  and  that  there 
was  no  evidence  of  a  significant  impact  on  Miller 
Creek"'.  In  specific  conclusions  on  landfill  impact, 
the  following  was  determined**': 


1)  Leachate  generation  caused  two  impacts  - 
seasonal  seepage  into  watercourses  on-site 
and  slow  migration  downward  in  the  over- 
burd^. 

2)  Long-term  temporal  variation  existed  in 
bedrock  water  quahty  monitoring  making 
identification  of  leachate  impacts  based  on 
inorganic  parameters  difficult. 

3)  Leachate  in  ground  water  is  generally  as- 
similated within  site  boundaries. 

4)  Methane  gas  does  not  present  a  hazard  at 
this  site. 


Recommendations  were  made**'  in  a  number 
of  areas  to  ensure  continued  minimization  of  environ- 
mental impact.  These  include  the  following: 


1)  Recommendations  on  slope,  cover  and 
other  design  criteria  to  minimize  leachate 
production,  control  leachate  seepage  and 
protect  ground  water. 

2)  Preparation  of  contingency  systems  (con- 
tainment well(s)  and  leachate  collection 
(french  drain))  in  the  event  that  contain- 
ment is  required  in  either  surface  or  subsur- 
face contaminant  migration. 

3)  Ground  water,  leachate  and  surface  water 
sampling  and  analytical  programs,  well 
sealing  plans,  methane  gas  and  private  well 
monitoring  programs  to  provide  a  database 
for  environmental  impact  assessment. 


4)  Plans  for  implementation  of  contingency 
systems  in  2)  above  in  the  event  that  offsite 
migration  of  contaminated  ground  water  or 
excessive  leachate  seepage  to  surface  water 
occurs. 


In  1989,  the  C  of  A  for  the  site  was  amended  to 
include  requirements  for  annual  reporting,  waste  track- 
ing, increased  ground  water  monitoring  and  well  in- 
stallation, leachate  collection  system  planning,  sur- 
face water  management  planning,  operational,  closure 
and  design  limitations. 


Recent  monitoring  of  the  site  shows  that  ground 
water  travels  to  the  north  perpendicular  to  the 
Onondaga  Escarpment  and  then  swings  to  the  east  and 
downward  lo  the  bedrock  in  the  area  north  of  the 
site.**"  These  1990  studies  confirm  earlier  indications 
of  leachate  in  bedrock  wells  near  to  the  landfill  site 
(DOC,  TKN,  Fe).  In  addition,  volatile  organic  param- 
eters (primarily  benzene  and  chloroform)  have  been 
detected  in  bedrock  monitoring  wells"*";  however,  the 
source  of  these  contaminants  is  uncertain  since  ihey 
appear  in  both  upgradient  and  landfill  wells.  This 
contaminant  will  be  focused  on  in  the  1991  monitor- 
ing program.  Leachate  seepage  still  occurs;  this  is 
contained  in  the  perimeter  ditches  and  is  not  believed 
to  impact  Miller  Creek**".  Iron  levels  in  Miller  Creek 
already  exceed  the  PWQO  of  0.3  mg/L.  In  order  to 
address  concerns  over  surface  water  runofi",  consult- 
ants for  the  town  have  submitted  a  stormwater  man- 
agement plan  design  proposal  for  review  by  the  Min- 
istry of  the  Environment"^  to  deal  with  site  drainage 
and  stormwater  detention  based  on  a  1  in  100  year 
storm  event. 


The  1989  approval  for  interim  expansion  of  the 
site  expires  in  May  1992.  The  Town  of  Fort  Erie  and 
the  City  of  Port  Colbome  are  cuirenUy  working  on  a 
waste  master  plan  to  solve  the  garbage  disposal  crisis 
in  the  area  for  the  foreseeable  future.  There  will  be  a 
gap  between  the  end  of  the  current  landfilhng  period 
and  start  of  the  master  plan  solution.  The  Town  of  Fort 
Erie  is  currently  working  on  measures  to  bridge  the 
gap.  This  may  involve  continued  operation  of  the 
Bridge  Street  site  as  one  interim  solution. 
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CNR  Landfill 


The  CN  Rail  site  occupies  ihe  southwest  comer 
of  Victoria  Avenue  and  Niagara  Parkway  in  Niagara 
Falls  (designated  as  area  B-2  on  Figure  5.13).  It  is 
immediately  adjacent  to  the  operations  building  of  a 
helicopter  business.  The  site  is  located  on  the  side  and 
end  of  a  steep  ravine  about  250m  from  the  Niagara 
River  and  adjacent  to  Niagara  Parks  Commission 
lands.  The  site  is  approximately  60m  by  200m  in  area 
and  was  used  primarily  for  disposal  of  domestic  waste, 
construction  materials,  scrap  metal,  clean-out  wastes 
(slag,  ore,  rock)  from  rail  cars  and  minor  amounts  of 
oil  and  machine  shop  wastes*".  The  site  operated  as 
an  open  dump  with  burning  and  occasional  cover  from 
1962  to  1978.  It  was  closed  in  1981  due  to  problems 
with  fire  and  graded  level  with  waste  rock.  In  1986, 
CN  Rail  capped  the  site  with  native  soils  and 
revegetated  the  face  of  the  ravine.  A  gabioned 
floodway  was  included  on  the  ravine  face. 


CNR  Investigations 


The  contamination  at  this  landfill  was  evaluated 
by  Environment  Canada.  The  hazard  from  the  site 
was  assessed  and  the  site  classified  as  a  Priority  II 
site"'.  Environment  Canada's  hazard  assessment  "This 
site  drains  by  way  of  an  intermittent  creek  at  its  base  to 
the  Niagara  River."  Water  in  the  creek  is  iron-stained 
and  has  elevated  conductivity  measurements.  Only  a 
small  fraction  of  the  waste  is  considered  medium  con- 
cern -  metal  filings  with  oil  film  from  machine  shops. 
The  potential  for  impact  scores  high  mostly  because  of 
surrounding  recreational  and  residential  land  uses. 
Also,  the  Whirlpool  on  the  river  below  is  known  to  be 
where  pacific  salmon  and  rainbow  trout  congregate 
during  fall  migration."*" 


Subsequently  the  site  was  investigated  by  con- 
sultants to  CNR  and  a  report***  prepared  for  CN  Rail 
was  accepted  by  Environment  Canada.  A  piezometer 
was  installed  in  the  floor  of  the  ravine  near  the  toe  of 
the  landfill.  Water  levels  in  the  bedrock  here  are  above 


ground  level  resulting  in  an  upward  hydraulic  gradient. 
Ground  water,  when  it  flows,  ultimately  discharges  to 
the  intermittent  creek  that  flows  through  this  ravine. 
The  water  from  the  piezometer  was  sampled  and 
analyzed.  The  ground  water  showed  similar  inorganic 
levels  to  the  ravine  creek.  Four  categories  of  organic 
substances  were  analyzed  and  none  were  found  in 
detectable  concentrations.  The  consultant  concluded 
that,  although  various  wastes  were  disposed  of  at  this 
landfill,  there  is  no  evidence  of  ground  water  contami- 
nation by  chlorinated  hydrocarbons  and  phenoxys  in 
the  vicinity  of  the  landfill"^.  CNR  has  closed  and 
capped  this  site  in  accordance  with  Environment 
Canada  protocols. 


5.7  Spills 


The  inadvertent  release  of  pollutants  commonly 
referred  to  as  a  "spill"  represents  a  potentially  signifi- 
cant source  of  contaminants  to  the  Niagara  River.  It  is 
within  the  mandate  of  the  Ontario  Ministry  of  the 
Environment  to  attempt  to  minimize  any  potential 
environmental  impact  of  pollutants  associated  with 
spills.  Despite  proper  precautions,  stringent  policies 
and  procedures  for  chemical  handling,  spills  still  oc- 
cur. The  most  common  causes  of  spills  to  the  environ- 
ment are:  equipment  failure,  accidents  on  highways, 
railways  and  waterways,  forces  of  nature,  human  error 
and  third  party  error. 


There  are  several  mechanisms,  based  in  legisla- 
tion, through  which  die  Ministry  attempts  to  reduce 
spills  and  their  environmental  impacts. 
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In  199 1 ,  the  Ministry  adopted  a  Spills  Reduction 
Strategy  (SRS)  under  section  17  of  the  Environmental 
Protection  Act^.  This  is  a  proactive  program  which 
asks  industries  with  a  high  potential  for  a  spill  thai 
could  negatively  impact  on  the  environment  to  evalu- 
ate their  operations  with  respect  to  spills  reduction. 
This  evaluation  includes  the  following: 


o  hazards  analysis  (determining  the  vulner- 
ability of  a  geographic  area,  or  a  particular 
process  or  facility  to  a  hazardous  materials 
release); 

D  assessment  of  the  ade^juacy  of  spills  con- 
tainment, diversion  and  treatment; 


D 


determination  of  the  need,  presence  and 
adequacy  of  spills  detection  and  warning 
devices,  including  maintenance  schedules 
and 

provision  of  all  necessary  spill  containment 
and  clean-up  equipment  including  a  de- 
tailed spills  response  plan  which  includes 
internal  and  external  notification  proce- 
dures, training  and  refresher  courses  for  all 
staff  in  emergency  response,  emergency 
communications  (This  includes  provisions 
for  informing  the  public  as  what  hazards  to 
expect  and  what  precautions  to  take,  in- 
cluding the  potential  for  evacuation) 


Federal  proactive  legislation  also  plays  a  sig- 
nificant role  in  the  control  of  and  response  to  spills, 
primarily  under  the  Canadian  Transportation  of  Dan- 
gerous Goods  (TDG)  Act"'  which  controls  all  aspects 
of  materials  shipping  from  forwarding  yards  including 
transport  and  warehousing.  The  TDG  Act  obligates 
the  carrier  of  hazardous  materials  to  remove  any 
potential  danger  associated  with  the  release  of  such 
materials.  The  co-ordination  of  the  clean-up  and  safe 
disposal  of  the  spilled  material  remains  the  responsi- 
bility of  the  Provmcial  Environment  Ministry.  On- 
tario has  enacted  the  Dangerous  Goods  Transportation 
Act  (DGTA)  which  provides  for  the  province  to  adopts 
the  federal  legislation  (including  identification  and 
transport  standards)  and  also  provides  a  mechanism  to 
improve  and  review  truck  safely.  The  DGTA  is  admin- 
istered by  the  Ministry  of  Transportation  (MOT). 


The  actual  response  to  spill  incidents  is  governed 
by  several  pieces  of  legislation.  Under  the  Canada/ 
U.S.  Water  Quality  Agreement",  Ontario  is  involved 
in  a  joint  contingency  plan  which  organizes  the  na- 
tional, provincial/state  and  local  resources  to  deal  with 
spills.  Also  covered  in  this  agreement  is  the  Canada/ 
U.S.  Joint  Marine  Pollution  Contingency  Plan  (Annex 
9).  This  plan  is  specific  to  the  boundary  waters  of  the 
Great  Lakes  and  holds  the  Canadian  and  United  States 
Coast  Guard  responsible  for  coordinating  and  main- 
taining the  Plan.  Federal,  provincial,  state  and  local 
agencies  are  responsible  for  the  organization  of  a  spills 
response. 


In  addition  to  the  Joint  Contingency  Plan,  a  sepa- 
rate Canadian  Marine  Continency  Plan  organizes  the 
same  Canadian  resources  as  above,  but  applies  only  to 
those  navigable  waters  which  do  not  cross  international 
boundaries. 


The  Province  of  Ontario  Contingency  Plan  spe- 
cifically addresses  how  Ontario  agencies  will  respond 
to  the  national  contingency  plan  and  also  deals  with  the 
specifics  of  the  containment,  clean-up  and  disposal 
phases  of  spills  of  significant  magnitude  to  cause  envi- 
ronmental damage,  but  which  are  not  a  threat  to  human 
health  and  safety.  This  plan  designates  tiie  Provincial 
Environment  Ministry  to  be  in  charge  of  die  response 
effort  but  also  allows  that  Minis07  to  draw  on  the 
resources  of  the  Ministry  of  Labour.  Ministry  of  die 
Solicitor  General.  Ministry  of  Natural  Resources,  Min- 
istry of  Health,  Ministry  of  Consumer  and  Corporate 
Relations,  Ministry  of  Transportation,  Environment 
Canada  and  Canadian  Coast  Guard.  Similarly,  under 
the  Ministry  of  the  Solicitor  General's  Ontario  Nuclear 
Plan,  the  Ministiy  of  Health's  Health  Protection  and 
Promotion  Act,  and  the  municipal  Emergency  Plans 
Acts,  the  Ministry  of  die  Environment  is  at  the  disposal 
of  these  groups  in  an  advisory  capacity. 


In  1 985,  in  response  to  the  increasing  occurrence 
of  and  concern  over  spills  in  Ontario,  a  24  hour-a-day 
environmental  Emergency  Response  Program  (ERP) 
was  established  under  Part  IX  of  the  Environmental 
Protection  Act  and  administered  by  the  Ministiy  of  the 
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Environment.  This  ERP  legally  defined  the  roles  and 
responsibilities  of  those  involved  in  a  spill  and  created 
a  Spills  Action  Centre  (SAC)  to  provide  a  focus  for 
spill  reporting  and  response  in  Ontario.  This  Centre  is 
operated  by  Ministry  personnel  on  a  24-hour  basis  in 
order  to: 


contact  local  Ministry  of  the  Environment 
personnel  in  order  to  initiate  the  field  re- 
sponse; 

contact  other  agencies  or  potentially  af- 
fected parties  as  necessary  eg.  local  police, 
fire  and  ambulance,  Coast  Guard,  US  au- 
thorities, etc.; 

notify  senior  Ministry  of  the  Environment 
personnel  lo  co-ordinate  briefing  of  the 
public; 

maintain  a  liaison  with  other  agencies  and 

provide  chemical  handling  and  clean-up  pre- 
cautions, either  directly  or  through  the  Ca- 
nadian Transport  Emergency  Centre 
(CANUTEC). 


Under  the  provincial  Emergency  Response  Pro- 
gram, one  staff  member  in  each  MOE  District  Office 
is  on  emergency  24-hour  a  day  call  to  respond.  In  the 
Niagara  Area  of  Concern.  ERP  personnel  are  on  duty 
for  the  Wclland  and  Hamilton  District  Offices.  These 
personnel  operate  completely  equipped  environmen- 
tal response  vehicles  and  receive  regular  training  in 
spills  handling.  In  addition  to  these  initial  response 
units,  the  Ministry  of  the  Environment  has  second  and 
third  level  response  units.  These  units  predominantly 
deal  with  high  risk  materials,  atmospheric  (gas  and 
vapour)  spills  and  human  risk  situations. 


In  the  co-ordination  of  a  spills  response,  the 
discharger  is  held  responsible  for  the  adverse  effects 
of  a  spill.  The  discharger  is  seen  as  having  taken  a 
foreseeable  risk  for  which  they  should  be  prepared. 
Most  companies  have  spill  clean-up  procedures,  stock- 
piled containment  and  clean-up  equipment  and  either 
trained  staff  which  respond  to  spills  or  contactors 
which  are  retained  to  clean-up  spills.  In  the  event  of  a 


spill  during  transportation,  when  the  spill  exceeds  the 
carrier's  ability  to  respond,  several  outside  parties  are 
available  to  assist  These  include: 


The  Transportation  Emergency  Assistance 
Plan  (TEAP),  organized  by  the  Canadian 
Chemical  Producers  Association.  This  re- 
sponse group  involves  the  pooling  of  mem- 
ber's resources  such  as  shared  information 
banks,  expertise  and  specialized  equipment; 


D  The  Ontario  Petroleum  Association  (OPA) 
which,  along  with  5  independent  industrial 
co-operatives  is  capable  of  responding  to 
major  oil  spills; 


a  Local  municipal  agencies  which  are  re- 
quired to  undertake  surveillance  in  deter- 
mining the  occurrence  and  source  of  spills 
and  are  required  to  lake  physical  counter- 
measures  to  a  spill.  A  number  of  smaller 
municipalities  in  Ontario  pool  their  re- 
sources for  a  collective  spills  response  net- 
work; 


D  Environment  Canada  which  provides  cur- 
rent information  on  counlermeasure  tech- 
niques, recovery  equipment  and  chemical 
treatment  agents;  meteorological  data  to 
assist  in  determining  required  containment 
and  24  hour  access  lo  the  Environmental 
Emergency  Management  Information  Sys- 
tem; 


n  Transport  Canada/Canadian  Coast  Guard 
which  are  both  accessible  by  a  24  hour 
emergency  phone  Une  and  are  able  to  pro- 
vide booms,  skimmers,  sorbents.  boats,  spe- 
cial vehicles,  protective  clothing,  tools  and 
equipment  as  well  as  emergency  communi- 
cations and 
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a  The  Canadian  Transport  Emergency  Centre 
(CANUTEC)  which  provides  a  product  in- 
formation bank  which  outlines  the  physical 
and  chemical  properties  of  products,  health 
hazards,  fire  and  explosion  hazards  and  ap- 
propriate clean-up  procedures. 


The  Canadian  Coast  Guard  is  the  primary  re- 
sponse agency  to  the  Canadian  waters  of  the  Great 
Lakes  including  the  Canadian  side  of  the  Niagara 
River.  Between  January  1987  and  December  1990, 19 
incidents  of  pollution  or  potential  pollution  were  re- 
corded in  the  Niagara  peninsula.  This  area  includes 
the  Niagara  River  proper,  the  Welland  Ship  Canal  and 
the  Fort  Erie  area  of  Lake  Erie. 


One  potential  spill  occurred  on  the  Buffalo 
River.  A  ship  carrying  toluene  and  xylene  ran  aground; 
however,  no  leakage  was  detected. 


Four  reported  spills  of  oil  slicks  on  the  water 
were  investigated  and  determined  to  be  wave  action 
creating  the  appearance  of  an  oil  sheen.  All  were  false 
alarms. 


Five  reports  of  spills  other  than  oil  were  investi- 
gated. The  pollutants  all  originated  on  shore  and  were 
identified  as  shore  based  spills  of  sewage,  coal  dust  or 
fertilizer.  One  small  shore-based  oil  spill  was  re- 
ported. 


Eight  ship-generated  diesel  oil  spills  were  re- 
ported during  fuelling.  The  average  amount  spilled 
was  26  gallons. 
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6.0    OUTSIDE  INFLUENCES 


There  are  significant  influences  outside  of  the 
Niagara  River  (Ontario)  Area  of  Concern  which  also 
affect  the  water  quality  within. 


It  has  been  recognized  that  the  majority  of  the 
contamination  in  the  Niagara  River  comes  from 
sources  on  the  U.S.  side  of  the  river."  It  has  also  been 
shown  that  contamination  from  the  Buffalo  River 
Area  of  Concern  contributes  to  degradation  of  water 
quality  in  the  Niagara  River."* 


Contamination  from  sources  in  the  four  up- 
stream Great  Lakes  contribute  to  background  levels  in 
the  Niagara  River.'** 


The  large  surface  area  of  the  upper  Great  Lakes 
and  the  geographical  location  of  Lake  Erie  makes 
these  bodies  receptors  of  significant  loads  of  airborne 
pollutants  which  contribute  to  the  background  levels 
in  Lake  Erie.'" 


These  elevated  background  contaminant  levels, 
of  both  water  and  sediment,  reduce  the  capacity  of  the 
Niagara  River  to  handle  wastes  discharged  or  leached 
to  it  from  sources  within  its  own  basin. 


6.1  Inputs  from  the 
Niagara  River  (U.S,) 


The  Niagara  River  Area  of  Concern  is  the  focus 
of  two  Remedial  Action  Plans,  one  for  the  Ontario  side 
and  one  for  the  U.S.  side.  The  discharge  of  contami- 
nants, particularly  toxic  chemicals,  from  outfalls  and 
hazardous  waste  landfdls  in  New  York  State  has  been 
identified  as  the  major  influence  on  the  environmental 
quality  of  the  Niagara  River.""''"*'^-'"^''"-'^-^-*"' 


The  New  York  side  of  the  Niagara  River  is  home 
to  over  100  municipal  and  industrial  point  source 
dischargers,  including  22  which  were  described  as 
significant  by  the  NRTC.  These  include  7  municipal 
wastewater  treatment  plants  and  10  major  industrial 
complexes.  One  of  the  22  significant  industrial  dis- 
chargers is  presently  closed.  Smaller  industries  also 
contribute  contaminants  to  the  Niagara  River  either 
directly  or  indirectly  (connected  to  municipal  sewer 
systems).  The  major  U.S.  based  point  source  dis- 
chargers to  the  Niagara  River  are  shown  on  Figure  6. 1 . 
These  facilities  are  identified  in  Table  6.1  along  with 
associated  EPA  priority  pollutant  groupings. 


U.S.  point  sources  along  the  Niagara  River  were 
calculated  to  contribute  1,160  kg/d  of  toxic  chemicals 
to  the  river  in  1984*.  This  figure  represents  approxi- 
mately 95%  of  the  estimated  total  discharged  from  all 
point  sources.  A  considerable  loading  of  conventional 
contaminants  is  also  added  to  the  aquatic  system. 
Subsequent  studies  reported  by  DEC"°  have  reported  a 
reduction  in  the  total  loading  of  the  most  important 
organic  and  inorganic  priority  pollutants  lo  245  kg/day 
in  1985-86  and  to  150  kg/day  in  1986-87.  In  1987- 
88'",  these  loadings  increased  by  18%  to  184  kg/day. 


The  largest  impacts  of  toxic  chemicals  on  the 
Niagara  River  occur  in  the  lower  portion  of  the  river 
below  Niagara  Falls.  In  this  portion,  the  river  recog- 
nizes no  national  boundary.  The  waters  from  both 
countries  mix  routinely  as  the  water  moves  towards 
Lake  Ontario.  Environmental  impacts  also  recognize 
no  borders;  impairments  in  the  New  York  Area  of 
Concern  mirror  impacts  identified  for  the  Ontario 
Area  of  Concern.  Fish  consumption  advisories  exist 
and  are  mutually  recognized  by  the  public  in  both 
areas.  Water  and  sediment  quality  is  impacted  by 
elevated  levels  of  PCBs,  mirex  and  heavy  metals. 


Contaminants  leaking  from  hazardous  waste 
sites  along  the  U.S.  side  of  the  Niagara  River  arc 
known  to  enter  the  waters  of  the  Niagara  River  and 
Lake  Ontario.  These  contaminants  include  some  of 
the  most  hazardous  chemicals  known,  including: 
mirex,  PCBs,  chlorobcnzenes,  chlorotoluenes, 
chlorophcnols,  polycyclic  aromatic  hydrocarbons 
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TABLE  6.1 


Significant  Dischargers  of  EPA  Priority  and  Special  Pollutants  on  the  New  York 
Side  of  the  Niagara  River 

Discharger 

Pollutant  Classes 
(1981-82  NRTC  Data*) 

Fig  6.1  # 

Industrial 

General  Motors  Corp. 

ACM 

1 

Niagara  Mohawk  Power  Corp. 

ACM 

2 

Dunlop  Tire  &  Rubber  Corp. 

M 

3 

FMC  Corp. 

M 

4 

Spaulding  Fibre  Co. 

MP 

5 

Occidental  Chemical  Corp.  Durcz  Div. 

ADV 

6 

Occidental  Chemical  Corp.  Niagara  Plant 

ABDFGMV 

7 

E.l.  DuPont  Tonawanda  Plant 

IV 

8 

E.I.  DuPont  Niagara  Plant 

M 

9 

Union  Carbide  Corp.  Linde  Div. 

H 

10 

L-TEC  (formerly  Union  Carbide  Wcldflux) 

M 

11 

SOHIO  Electro  Mineral  Co. 

M 

12 

Clin  Corp. 

CMV 

13 

CWM  Chemical  Services 

M 

14 

Municipal 
(Waste  Water 
Treatment 
Plants) 

Buffalo  Sewer  Authority  WWTP 

ABCDHIMOV 

15 

Tonawanda  WWTP 

ACDMO 

16 

Amherst  WWTP 

M 

17 

North  Tonawanda  WWTP 

ACMV 

IS 

Niagara  County  SD#1  WWTP 

AMY 

19 

Grand  Island  SD#2  WWTP 

BM 

20 

Niagara  Falls  WWTP 

ADFMOV 

21 

Gorge  Stn.  Overflow 

BDHMV 

22 

City  Diversion  Sewer 

BCFMOV 

23 

Uwiston  MSIA  WWTP 

M 

24 

LEGEND: 

*  -  groups  of  chemicals  over  NRTC  cutoff  limits 
B  =  Base/Neutral  Extractablcs  (other) 
D  =  Chlorobenzenes 
F  =  Chlorotoluencs 

H  =  Polycyclic  Aromatic  Hydrocarbons 
M  =  Metals  (other) 
P  =  Polychlorinated  Biphenyls 

A  =  Acid  Extractablcs  (other) 

C  =  Cyanide 

E  =  Chlorophenols 

G  =  Mirex 

I  =  Mercury 

0  =  Organo_chlorinc  Pesticides 

V  =  Volatile  Organics  (other) 
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Figure  6. 1 
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Gorge  St  Overflow 
City  Diversion  Sewer 
LewistonMSIAWWTP 
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(PAHs),  2,3.7,8-ietrachlorodibenzo-p-clioxin,  BHC  and 
other  chlorinated  organic  pesticides.  It  is  assumed  thai 
a  number  of  chemicals  with  unknown  properties 
that  are  by-producis  of  liie  manufacturing  processes 
that  produced  the  above  chemical  compounds  and/or 
combination  products  of  the  above  chemicals  could 
also  be  escaping  to  the  river.  It  has  been  estimated 
that,  of  307  kg/d  of  total  priority  pollutants,  179  kg/d 
of  organic  priority  pollutants  enter  the  Niagara  River 
via  contaminated  ground  water  discharge  from  the  33 
most  significant  site  areas.'"  However,  this  estimate 
may  be  out  by  several  orders  of  magnitude'". 


In  1979,  a  total  of  215  hazardous  waste  disposal 
sites  were  identified  in  Niagara  and  Erie  Counties"^. 
In  1984,  that  list  was  reviewed  and  updated  by  the 
NRTC.  At  that  time,  164  sites  within  three  miles  of 
the  Niagara  River  were  identified  as  potential  con- 
taminant sources  to  the  Niagara  River*".  The  Depart- 
ment of  Environmental  Conservation  has  now  identi- 
fied over  300  waste  sites  in  Niagara  and  Eric  Coun- 
ties'". 


The  EPA's  National  Priority  List  (NPL)  identi- 
fies sites,  America-wide,  that  pose  a  significant  risk  to 
human  health.  Five  of  the  waste  disposal  sites  on  the 
New  York  side  of  the  Niagara  River  have  been  as- 
signed to  the  NPL  for  Superfund  consideration  and 
two  additional  sites  are  on  the  New  York  Stale 
Superfund  list.  All  seven  sites  are  known  to  leach 
contaminants  directly  to  the  Niagara  River. 


In  1988.  the  United  States  Environmental  Pro- 
tection Agency  released  the  results  of  a  study"'  which 
attempted  to  estimate  actual  and  potential  loadings  of 
toxic  chemicals  lo  the  Niagara  River  from  hazardous 
waste  sites  in  the  United  States.  This  report  focussed 
priority  on  70  hazardous  waste  sites  and  grouped 
together  a  number  of  associated  or  adjacent  waste  sites 
into  clusters.  In  all,  33  site  areas  or  clusters  were 
evaluated. 


Of  these  33  areas,  24  waste  sites,  some  being 
clusters  of  individual  waste  areas,  were  associated 
with  leaching  307  kg/day  (677  lb/day)  of  priority 


pollutants  to  the  Niagara  River  directly.  The  remain- 
ing 9  areas  leached  some  8  kg/day  (17  lb/day)  to  the 
Buffalo  River'".  The  authors  indicated  that  this  figure 
was  an  "order  of  magnitude"  calculation.  Based  on  a 
review  of  the  assumptions  and  data  used  in  generating 
this  number,  an  evaluation  prepared  for  the  MOE'" 
determined  that  the  possible  errors  could  be  ±  2-3 
orders  of  magnitude. 


Eighteen  of  the  24  areas  that  conuibute  con- 
taminants lo  the  Niagara  River  directly  have  been 
linked  with  one  or  more  of  the  15  priority  toxics  of 
concern  in  the  Niagara  River  (Table  6.2).  In  addition 
to  the  24  sites  investigated,  1 1  others  were  identified 
as  contributors  of  toxic  chemical  loading  to  the  river. 
The  waste  sites  are  identified  and  estimated  loadings 
are  presented  in  Table  6.3.  The  locations  of  these  24 
sites  are  shown  on  Figure  6.2. 


Late  in  1989,  DEC  and  EPA  released  a  follow- 
up  report'"  for  these  siies.  In  this  document, 
remediation  schedules  and  measures  are  identified  for 
each  of  the  33  site  areas  or  clusters.  These  measures 
will  achieve  an  estimated  99.9%  reduction  in  the 
known  loadings  from  these  sites  by  the  year  1996. 
This  reduction  assumes  that  the  remedies  will  be 
100%  efficient  from  the  moment  they  are  completed. 
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TABLE  6.2 


Priority  Toxic  Chemicals  of  Concern  under  the 
River  Toxics  Management  Plan 

Chemical 

Water 

Quality 

Exceedance 

Fish 

Flesh 

Exceedance 

Significant 

Niagara  River 

Source 

benz(a)anthracene 

Yes 

No 

Yes 

bcnzo(a)pyrene 

Yes 

No 

Yes 

benzo(b)  fl  uoranthene 

Yes 

No 

Yes 

benzo(k)fl  uoranihene 

Yes 

No 

Yes 

chlordane 

No 

Yes 

No 

chrysene 

Yes 

No 

No 

dieldhn 

No 

Yes 

No 

hexach  lorobenzene 

No 

Yes 

Yes 

mercury 

No 

Yes 

Yes 

mirex 

No 

Yes 

Yes 

octachlorostyrene 

No 

Yes 

No 

PCBs                                                j 

Yes 

Yes 

Yes 

DDT  &  metaboUies 

No 

Yes 

No 

2-3-7-8-TCDD 

m 

Yes 

Yes 

tetrachloroethylene 

Yes 

No 

Yes 
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TABLE  6.3 


Loading  of  EPA  Priority  Pollutants  from  Hazardous  Waste 
Sites  on  the  New  York  Side  of  the  Niagara  River 

Waste  Site 

Site# 

Loading  (Ib/d) 

Occidental  Chenxical  Corp.  Niagara  Rant 

41b 

340 

Niagara  County  Refuse  Disposal 

81 

88 

Dupont  Nccco  ParkyCECOS 

14/78 

65 

Occidental  Chemical  Corp.  Hyde  Park 

39 

57 

102nd  Street 

40 

26 

Bell  Aerospace  Textron 

5 

19 

BTL  Specialty  Resins 

66 

15 

Occidental  Chemical  Corp.  S_Area 

41a 

14 

Stauffcr  Chemical-  Lcwiston 

255 

12 

Solvent  Chemical 

251 

9.3 

SKW  AUoys 

1 

8.6 

Olin  Corp.  Buffalo  Ave. 

58 

7.1 

DuPont  Buffalo  Ave. 

15 

6.6 

Buffalo  Harbour  Containment* 

254 

6.1 

Buffalo  Color* 

120 

4.4 

Bethlehem  Steel* 

118 

3.0 

INS  River  Road 

136 

2.7 

Frontier  Chemical-  Pendleton 

67 

2.6 

Occidental  Chemical  Corp.  Durez 

24 

2.0 

Small  Boat  Harbour* 

253 

1.8 

Gratwick  Riverside  Park 

68 

1.3 

Mobil  Oil* 

141 

1.3 

Alltift  Realty* 

162 

0.17 

Charles  Gibson 

242 

0.16 

Great  Lakes  Carbon 

22 

0.13 

Huntley  Power  Station 

182 

0.11 

Tunes  Beach  Containment* 

241 

0.091 

Tonawanda  Coke 

108 

0.056 

Allied  Chemical* 

107 

0.020 

Tonawanda  Landfill 

207 

0.0061 

t>unlop  Tilt;  &  Rubber 

125 

0.0017 

Columbus  McKinnon 

123 

0.0001 

Love  Canal 

38 

0.0000 

*  =  sites  in  Buffalo  area 

#  =  refers  to  location  on  Figtirc  6.2 
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Figure  62 
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6.2  Buffalo  River 


The  Buffalo  River  has  also  been  identified  as  one 
of  the  43  GreatLakes  Areas  of  Concern  and,  iherefore, 
has  been  undergoing  a  process  of  environmental  as- 
sessment and  Remedial  Action  Planning.  The  dis- 
charge of  the  Buffalo  River  enters  the  Niagara  River  at 
Buffalo,  thereby  representing  a  significant  input  to  the 
Niagara  River  Area  of  Concern. 


Impairments  in  the  Buffalo  River  watershed  in- 


clude: 


fish  consumption  advisories  due  to  elevated 
levels  of  PCBs.  Chlordane  and  DDT  in  fish 
flesh; 

evidence  of  tumours  on  fish  and  tainting  of 
fish  flesh  Ukely  caused  by  elevated  PAH 
levels  in  the  water  and  sediment; 

contamination  of  sediments  by  metals  and 
cyanides;  and 

low  dissolved  oxygen  levels  in  the  water. 


Since  the  early  1970's,  the  Buffalo  River  water- 
shed has  been  home  to  5  major  industrial  complexes'". 
The  major  industries  (3  of  which  arc  presently  closed) 
consisted  of  2  chemical  plants,  1  coking  operation,  an 
oil  refinery  and  an  iron  and  steel  complex.  Smaller 
industries  in  the  Buffalo  River  area,  such  as  food 
processing  and  grain  milling  operations  are  connected 
to  the  Buffalo  Sewer  Authority  system.  In  addition,  the 
watershed  includes  7  combined  sewer  overflows  and 
32  inactive  hazardous  waste  sites'". 


Results  of  spottail  shiner  collections  from  the 
Buffalo  River  suggest  that  it  is  a  significant  source  of 
PCBs  to  the  Niagara  River".  Studies  conducted  by 
Ontario  Ministry  of  the  Environment,  at  a  transect 
located  just  downstream  from  the  mouth  of  the  Buf- 
falo River,  have  shown  bacteria,  nutrients  and  levels 
of  inorganic  and  organic  contaminants  in  the  Niagara 
River  (1980-82)  to  be  higher  on  the  U.S.  side  of  the 
river  than  on  the  Canadian  side. 


6.3  Inputs  from  Lake  Erie 


Chemical  contamination  from  Lake  Erie  has 
been  shown  lo  enter  the  Niagara  River.  High  concen- 
trations of  some  contaminants  have  been  detected  at 
Fort  Erie'*'.  Given  the  flow  regime  at  the  head  of  the 
Niagara  River,  it  is  unlikely  that  the  contamination 
measured  at  Fort  Erie  originates  in  the  vicinity  of 
Buffalo.  It  is  more  likely  that  this  reflects  contamina- 
tion in  the  western  basin  of  Lake  Erie. 


Most  of  the  studies  on  Lake  Erie  water  chemis- 
try have  centred  on  those  chemicals  which  contributed 
to  the  severe  eutrophicabon  problems  in  the  mid- 
1960's.  The  understanding  of  these  nutrient  cycles 
within  the  water  and  sediment  and  the  extensive  ccm- 
troi  and  reduction  programs  of  governments  on  both 
sides  of  the  lake  has  resulted  in  a  much  more  stable 
chemical  structure  in  the  lake's  waters*^  Phosphorus 
loadings  were  reduced  from  28,000  tonnes  in  1968  to 
12,350  tonnes  in  1983*^.  Routine  open  lake  monitor- 
ing has  shown  a  reduction  in  open  lake  phosphorus 
concentrations  in  all  three  basins'".  Although  these 
show  a  more  conservative  decline  than  loading  fig- 
ures, probably  due  to  resuspension  of  phosphorus- 
laden  sediments,  they  do  indicate  a  positive  environ- 
mental effect  in  Lake  Erie.  This  is  reflected  by  a 
decrease  in  chlorophyll  a  concentrations  since  1970  in 
all  three  basins.  These  declines  correspond  generally 
with  the  reduction  in  phosphorus  loading  to  the  lake. 
Modelling  of  chlorophyll  a  concentrations  in  the  cast- 
em  basin  showed  a  highly  significant  (p<0.01)  trend 
of  decreasing  concentration  for  the  years  1968,  1970, 
1972  and  1980'". 


The  net  west-to-east  movement  of  water  through 
the  lake  is  considerably  more  complex  than  a  simple 
unidirectional  flow^.  Water  movement  through  the 
central  and  eastern  basins  varies  considerably  during 
stratified  and  non-stratified  thermal  conditions  and  is 
heavily  influenced  by  prevailing  winds  and  major 
storms'". 
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The  chemical  makeup  of  Lake  Erie  is  signifi- 
cantly affected  by  oxygen  depletion  in  the  bottom  of 
the  lake's  central  basin"".  The  eastern  basin  has 
oxygen-rich  water  and  during  storm  events  this  water 
can  be  transferred  into  the  depleted  portion  of  the 
centra]  basin  and  re-oxygenate  the  bottom  lay- 
ers*4,i9i.m  -phe  rate  of  oxygen  depletion  in  the  central 
basin  was  highest  in  the  1960's  and  1970V^  Studies 
undertaken  between  1980  and  1984  indicate  that  the 
oxygen  depletion  rates  in  the  central  basin  appear  to 
have  stabilized  or  decreased. 


The  activity  of  sediment  resuspension  by  strong 
winds  is  an  important  factor  in  the  redistribution  of 
nutrients  and  contaminants  throughout  the  water  col- 
umn in  the  eastern  and  central  basins  of  Lake  Erie 
during  periods  where  these  basins  are  unstratified.  In 
the  western  basin,  which  does  not  permanently  stratify, 
resuspension  occurs  periodically  throughout  the  sum- 
mer. 


The  tributaries  to  the  western  basin  of  Lake  Erie 
are  a  second  major  source  of  suspended  sediment'". 
Although  some  attempts  at  remediation  of  erosion  of 
soils  from  these  predominantly  agricultural  basins 
have  been  made,  resuspension  of  unconsolidated 
sediments  is  virtually  uncontrollable.  This  is  evi- 
denced by  the  nearshore  concentrations  of  nutrients 
and  major  ions  remaining  high  along  the  predomi- 
nantly agricultural  south  shore  of  the  western  and 
central  basins. 


Four  of  the  five  maJM-  tributaries  to  the  western 
basin  are  themselves  UC  Areas  of  Concern:  the 
Maumee  River,  the  River  Raisin,  The  Rouge  River 
and  the  Detroit  River.  Only  the  Huron  River  has  not 
been  designated  by  the  UC  as  an  area  of  concern.  Over 
the  years,  industrial  and  residential  development  of 
these  waterways  has  led  to  the  combination  of  conven- 
tional and  toxic  contaminants  in  wastewater  discharges 
with  the  sediment  runoff  from  these  basins.  Since 
many  toxic  substances  prefer  the  sediment  phase  to 
the  water  phase,  they  have  attached  themselves  to  the 
soil  particles  which  have  subsequently  been  deposited 
in  the  basins  of  Lake  Erie. 


The  eastern  basin  is  the  least  affected  by  spring 
runoff  or  sediment  resuspension  and  therefore  does 
not  exhibit  the  wide  annual  fluctuations  of  the  other 
two  basins.  There  is  still  some  fluctuation,  similar  to 
the  central  basin.  The  highest  phosphorus  level  occurs 
in  the  eastern  basin  in  the  spring  and  declines  through 
the  summer  and  fall  periods.  During  turnover  of  the 
water  column,  some  increase  in  contaminant  levels 
does  occur  but  below  those  for  the  spring  period*^.  It 
can  be  expected  that  concentration  pauems  of  other 
contaminants  follow  the  same  trend  exhibited  by  the 
well-studied  phosphorus  levels. 


Over  lime,  these  contaminated  sedimenus  have 
worked  themselves  eastward  and  likely  cause  the 
majority  of  the  background  contamination  in  the  wa- 
ters and  sediments  of  the  Niagara  River.  This  residual 
background  contamination  from  upstream  sources  in- 
hibits the  capacity  of  the  Niagara  to  assimilate  con- 
taminants originating  within  the  Niagara  River  Area 
of  Concern. 


Organic  substances  and  metals  are  measured  in 
biota.  For  these  chemicals,  the  trend  is  to  generally 
declining  concentrations.  Long  term  biomonitoring 
data  for  total  PCBs  and  total  DDT  from  young-of-the- 
year  spottail  shiners  in  Lake  Erie  suggest  a  real  down- 
ward trend  in  all  sites  monitored.  Most  of  the  decline 
was  observed  during  the  late  1970's*^. 


Although  there  are  no  trends  in  Lake  Erie  for 
metal  contamination"*,  recent  studies  have  shown 
elevated  levels  of  arsenic,  cadmium,  copper,  iron  and 
selenium  in  the  water  column  (exceeding  GLWQA 
objectives)*'.  Elevated  levels  of  cadmium,  chromium, 
copper,  lead,  nickel,  mercury  and  zinc  were  also 
delected  in  the  sediments"*-"*.  This  corresponds  well 
with  four  of  the  six  chemicals  identified  by  the  NRTC 
as  having  exceeded  the  most  stringent  guideline  or 
standard  at  Fort  Erie:  chromium,  cadmium,  copper 
and  lead'".  Elevated  concentrations  of  aluminum 
were  also  noted  at  Fort  Erie.  Aluminum  is  a  major 
constituent  of  the  natural  sediment  found  in  all  three 
basins  of  Lake  Erie.  Aluminum  is  a  primary  constitu- 
ent of  the  fine  grain  clay  soils  which  is  common  to  the 
area  and  this  naturally  occurring  phenomenon  may  by 
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mainly  responsible  for  the  high  levels  detected  at  Fon 
Erie.  The  highest  concentrations  of  aluminum  in  Lake 
Erie  were  found  in  the  major  sediment  depositional 
zones'".  Silver,  the  sixth  element  found  in  elevated 
concentrations  at  Fort  Erie  is  found  in  low  concentra- 
tions throughout  Lake  Erie.  Although  no  detectable 
concentrations  of  silver  were  found  in  the  eastern 
basin,  silver  was  detected  in  the  western  basin  and  the 
eastern  portion  of  the  central  basin"*. 


The  assessment  of  Lake  Erie  water  quality  trends 
concluded  that  although  the  single  most  significant 
source  is  the  Detroit  River"^  (Table  6.4).  loadings  of 
heavy  metals  from  atmospheric  deposition  and  sew- 
age discharges  are  certainly  significant. 


The  effects  of  remedial  efforts  in  upstream  areas 
of  concern  will  likely  be  felt  very  slowly  in  the  waters 
and  sediments  of  Lake  Erie.  Il  will  take  a  considerable 


period  of  time  for  contaminant  levels  in  the  sediments 
to  stabilize  or  decline  to  levels  where  their  impact  on 
the  water  column  through  resuspension  is  negligible. 


6.4  Long-Range 
Atmospheric  Deposition 


Atmospheric  deposition  of  toxic  pollutants  to 
surface  waters  has  long  been  recognized  as  a  "path- 
way" in  the  environmental  cycling  of  some  of  these 
chemicals'".  Organic  and  inorganic  chemicals  enter 
the  water  by  wet  deposition  (snow,  rain,  aerosols),  dry 
particulate  deposition  and  vapour  exchange  at  the  air- 
water  interface.  The  latter  process  may  also  result  in 
the  loss  of  volatile  species  to  the  atmosphere  from  the 
water. 


TABLE  6.4 


Inventory  of  Sources  and  Sinks  of  Heavy  Metals  in  Lake  Erie 

Flux  Rate  (tonnes)                                       | 

Source 

Cadmium 

Copper 

Lead 

Zinc 

Detroit  River 

N/A 

1640 

630 

5220 

U.S.  Tributaries 

N/A 

100 

52 

271 

Can.  Tributaries 

N/A 

31 

19 

140 

Sewage  Plant  Discharges 

5.5 

448 

283 

759 

Dredged  Spoil  Action 

4.2 

42 

56 

175 

Atmospheric  Deposition 

39.0 

206 

645 

903 

Shoreline  Erosion 

7.9 

190 

221 

308 

Total  Inputs 

N/A 

2657 

1906 

7776 

Flux  Rate  (tonnes) 

Sink 

Cadmium 

Copper 

Lead 

Zinc 

Niagara  River/Welland  Canal 

N/A 

1320 

660 

4400 

Retained  in  Sediment 

N/A 

1337 

1246 

3376 
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Atmospheric  transpon  and  deposition  of  indi- 
vidual chemical  species  depends  on  the  distribution  of 
the  chemical  between  the  paniculate  and  vapour  phase 
and  the  relevant  removal  efficiencies  of  each.  At  the 
present  time  there  are  insufficient  data  to  reliably 
estimate  the  relative  importance  of  the  atmospheric 
deposition  of  many  of  these  contaminants  to  the  Great 
Lakes. 


For  more  than  two  decades,  researchers  have 
investigated  the  relative  importance  of  the  atmosphere 
as  a  long  range  carrier  of  persistent  toxic  substances. 
Large  quantities  of  these  substances  have  been  depos- 
ited from  the  atmosphere  into  the  Great  Lakes.  In 
October  1986.  the  International  Joint  Commission 
(UC)  sponsored  a  workshop'"  to  discuss  the  signifi- 
cance of  selected  persistent  toxic  chemicals  deposited 
by  atmospheric  transpon  in  the  Great  Lakes  and  to 
develop  mass  balance  budgets  for  chemicals  derived 
from  atmospheric  sources. 


The  upper  Great  Lakes  receive  a  significantly 
greater  fraction  of  their  total  inputs  from  the  atmos- 
phere than  do  the  lower  Great  Lakes.  This  is  attributed 
to  the  larger  surface  areas  and  lack  of  local  sourx:es. 


There  were  founeen  chemicals  of  interest;  how- 
ever, information  was  available  for  only  five  chemi- 
cals: PCBs,  DDT,  ben2(a)pyrene,  mirex  and  lead.  The 
most  complete  data  were  available  for  lead  and  PCBs. 
These  data  indicate  that  90%  of  the  total  PCBs  input  to 
Lake  Superior  come  from  atmospheric  deposition, 
whereas  in  Lake  Ontario  only  7%  is  attributed  to 
aunospheric  sources.  Similarly,  amiospheric  deposi- 
tion of  lead  ranges  from  99.5%  in  Lake  Michigan  to 
46%  in  Lake  Erie. 


Evidence  suggests  that  precipitation  scavenging 
of  both  fine  particles  (<2  um)  and  vapours  dominates 
atmospheric  inputs  that  are  at  some  distance  from  the 
major  point  source  or  source  region.  Dry  deposition  of 
large  particles  may  be  more  significant  closer  to  the 
sources. 


The  1987  amendments  to  the  Great  Lakes  Water 
Quality  Agreement  added  a  distinct  Annex  for  air- 
borne toxic  substances.  Annex  15  advocates  the  es- 
tabhshment  of  an  Integrated  Atmospheric  Deposition 
Network  (lADN)  for  the  identification  of  selected 
toxic  substances  with  emphasis  on  persistent  toxic 
substances. 


The  UC,  through  its  Atmospheric  Deposition 
Monitoring  Task  Force  and  three  working  groups,  is 
investigating  atmospheric  transpon  of  contaminants 
in  the  Great  Lakes  basin.  To  date,  a  Canadian  Master 
Station  for  depositiona!  monitoring  has  been  installed 
at  Point  Peire  in  Lake  Ontario  (October  1988),  thus 
joining  the  U.S.  Master  Station  at  Green  Bay  Wiscon- 
sin. Two  additional  Master  Stations  (one  in  the  U.S. 
and  one  in  Canada)  are  scheduled  to  be  installed. 
These  master  stations  will  be  accompanied  by  five 
U.S.  and  five  Canadian  satellite  stations  placed  around 
the  Great  Lakes. 


Although  long-range  transpon  of  toxic  chemi- 
cals from  the  American  mid-west  and  other  upwind 
sources  such  as  Nanticoke  and  Detroit/Sam  ia  reaches 
the  Niagara  River  Area  of  Concern,  die  amount  of 
deposition  is  hard  to  determine.  Since  the  ratio  of  land 
mass  to  open  water  is  large,  the  greatest  amount  of  the 
deposition  will  likely  occur  on  land.  The  buffering 
capacity  of  the  soils  in  the  area  may  reduce  any 
detectable  impact  to  insignificant  levels. 


With  regard  lo  localized  deposition,  the  Niagara 
River  is  fortunate  in  that  the  major  industrial  sites 
within  the  watershed  are  to  the  east  of  the  River  and 
hence  most  of  the  airborne  pollutants  are  dispersed 
away  from  the  area  by  the  predominately  south-south- 
west winds. 
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7.0  IDENTIFICATION 
AND  DELINEATION  OF 
SPECIFIC  CONCERNS 


The  Niagara  River,  over  the  years,  has  achieved  a 
considerable  amount  of  notoriety.  From  a  perception 
as  one  of  the  world's  most  scenic  rivers,  it  has  been 
perceived  in  the  last  two  decades  as  an  "open  sewer" 
that  conveys  man's  waste  directly  into  Lake  Ontario. 
In  the  environmental  decade  of  the  1980's.  attention 
has  been  focused  directly  on  toxic  chemicals  in  the 
waters  of  the  Niagara  River. 


The  activities  in  the  Niagara  area  over  the  last  50 
years,  and  in  particular  those  associated  with  the  heav- 
ily urbanized  U.S.  shoreline,  have  introduced  many 
toxic  chemicals,  both  persistent  and  non-persistent,  to 
the  Niagara  River.  The  presence  of  many  of  the  most 
famous  toxic  dumpsites,  such  as  Hyde  Park,  Love 
Canal.  S- Area,  1 02nd  St .  Necco  Park  and  Durez,  along 
the  shore  of  the  Niagara  has  conmbuied  to  the  "open 
sewer"  perception.  Many  of  these  sites,  filled  with  the 
most  toxic  chemicals  created  by  man,  have  been  leak- 
ing into  the  Niagara  River  for  some  time.  Remediation 
of  these  sites  has  been  occurring  but  it  is  a  long  and 
expensive  process  which  involves  experts  in  many 
areas,  areas  where  expertise  is  scarce.  Although 
progress  continues  to  be  made,  because  of  the  complex 
nature  of  the  remediation,  it  has  to  be  measured  in  years 
rather  than  days. 


The  heavy  industrial  complexes  on  the  shores  of 
the  river  affect  the  ecosystem.  Their  discharges, 
combined  with  those  from  the  municipalities  in  which 
they  sit,  have  contributed  to  the  contaminant  burden 
on  the  river  over  the  years.  Although  many  of  the 
discharge  problems  have  been  corrected  over  the  last 
30  years,  some  contaminants  still  enter  the  system 
through  wastewater  discharges. 


The  definition  of  specific  problems  associated 
with  the  water  quality  of  the  Niagara  River  (Ont.) 
Area  of  Concern  has  been  discussed  at  length  by  both 


the  RAP  team  and  the  Public  Advisory  Committee 
(PAC).  These  discussions  have  taken  place  independ- 
ently to  ensure  that  all  applicable  problems  are  identi- 
fied. 


7.1  Impaired  Uses  and  the 
IJC  Criteria 


The  UC  has  required  the  preparation  of  Reme- 
dial Action  Plans  (RAPs).  As  part  of  the  RAP  control 
process,  the  UC  has  identified  a  number  of  'criteria' 
under  which  each  RAP  will  be  judged.  These  criteria 
cover  fourteen  diverse  ecosystem  impairments.  Not 
all  criteria  may  be  applicable  in  each  Area  of  Concern. 
In  addition,  some  of  the  potential  uses  which  may 
relate  to  the  UC  criteria  may  not  be  desired. 


In  Annex  2  of  the  1987  Great  Lakes  Water 
Quality  Agreement.  Section  l.(c)  stales: 

"Impairment  of  beneficial  use(s)"  means  a 
change  in  the  chemical,  physical  or  biological  integ- 
rity of  the  Great  Lakes  System  sufficient  to  cause  any 
of  the  following: 


i)      Restrictions  on  fish  and  wildlife  consump- 
tion; 

ii)     Tainting  of  fish  and  wildlife  flavour; 

iii)    Degradation  of  fish  and  wildlife  populations; 
iv)    Fish  tumours  and  other  deformities; 

v)     Bird  or  animal  deformities  or  repnxiuctive 
problems; 

vi)    Degradation  of  benthos; 

vii)  Restrictions  on  dredging  activities; 

viii)  Eutrophication  or  undesirable  algae; 

ix)    Restrictions  on  drinking  water  consumption, 
or  taste  and  odour  problems; 

x)     Beach  closings; 
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xi)    Degradation  of  aesthetics; 

xii)   Added  costs  to  agriculture  or  industry; 

xiii)  Degradationofphytoplanktonandzooplankion 
populations;  and 

xiv)  Loss  of  fish  and  wildlife  habitat 


Because  the  UC  criieria  are  broad  it  has  been 
necessary  to  be  more  specific  in  identifying  problems 
(impaired  uses)  for  the  Niagara  River  Area  of  Con- 
cern. 


7.2  Problem  Definition  by 
the  Public 


One  of  the  major  tasks  required  of  the  public  in 
the  preparation  of  the  Remedial  Action  Plan  is  the 
identification  of  beneficial  uses  that  are  impaired. 
Although  the  public  has  expressed  dismay  at  the  length 
of  time  taken  to  prepare  a  RAP  for  the  Niagara  River, 
It  has  become  apparent  that  the  problems  and  solutions 
in  this  Area  of  Concern  are  not  clear  cut. 


Statements  that  "we  all  know  what  the  problems 
are"  have  not  been  readily  converted  to  a  written 
definition.  Considerable  time  has  been  spent  in  clari- 
fying different  concepts  of  the  environmental  issues  in 
the  Niagara  River  Area  of  Concern.  A  number  of 
different  points  of  view  and  several  misconceptions 
have  been  discussed  by  the  Public  Advisory  Commit- 
tee on  the  road  to  developing  problem  statements  that 
the  members  could  agree  on. 


In  July  1989.  the  PAC  agreed  upon  a  mission 
statement  or  overall  philosophy  for  the  Niagara  River 
Remedial  Action  Plan.  That  statement  was  as  follows: 


*The  mission  of  the  Niagara  River  RAP  is  to 
re-establish,  protect  and  maintain  the  integrity  of 
the  ecosystem  for  the  Niagara  River." 


At  the  same  meeting,  the  PAC  also  identified  23 
environmental  issues  of  concern  in  the  Niagara  area. 
These  23  issues  are: 


■Water  Quality 

•Use  of  Water  For  Human  Consumption 

•Fishing  and  Consumption  of  Fish 

•Aquatic  Life  (Fish  and  Algae) 

■Recreational  Boating  and  Water  Sports 

•Industrial  and  Municipal  Use 

•Wetlands 

■Birds  and  Mammals 

■Aesthetics 

•Economic  Growth 

■Power  Generation 

■Access 

•Legislation 

•Hiking  and  Rock  Qimbing 

■Sediment  Quality 

■Irrigation  -  Agricultural  Use 

•Commercial  Shipping 

■Education  of  the  Public  (keeping  it  informed) 

-Clean  Air  (Mist/  Acid  Rain/  Toxic  Rain) 

•Additional  Control  Structures 

■Ecosystem  Health 

•Sustainabilily 

■International  Cooperation. 
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In  order  to  step  up  progress  on  defining  the 
problem,  the  issues  developed  by  the  PAC  were  more 
specifically  defined  during  a  workshop  in  Niagara 
Falls  on  January  27. 1990.  At  that  workshop,  the  PAC 
members  reviewed  the  preceding  issues  and  organized 
them  into  groups  of  similar  issues.  Six  of  these  issues 
were  identified  as  non-specific  problems  and  were  set 
aside  for  future  development.  These  six  were  : 


•Ecosystem  health 
■Sustainability 

•Additional  Control  Structures 
•International  Cooperation 
•Legislation  and 
•Education  of  the  Public. 


The  PAC  decided  that  these  six  did  not  represent 
environmental  problems  or  goals  but  rather,  principles 
or  solutions  and  may  relate  more  directly  to  the  mis- 
sion statement. 


The  remaining  17  issues  were  divided  into  5 
categories  {also  numbered  in  order  of  priority  by  the 
PAC  members)  as  follows: 


Priority/Group  1 

Water  Quality 

Use  of  Water  for  Human  Consumption 

Clean  Air  (Mist/Toxic  Rain/Acid  Rain) 

Priority/Group  2 

Aquatic  Life  (Fish  and  Algae) 

Wetlands 

Birds  And  Mammals 

Sediment  Quality 


Priority/Group  3 

Power  Generation 
Irrigation  -  Agricultural  Use 
Industrial  and  Municipal  Use 
Commercial  Shipping 
Economic  Growth/  Tourism 

Priority /Group  4 

Hiking  and  Rock  Climbing 

Aesthetics 

Access 

Recreational  Boating  and  Water  Sports 

Priority /Group  5 

Fishing  and  Consumption  of  Fish 


Working  groups  were  established  for  each  group 
of  issues  and  a  statement  of  the  problem  associated 
with  each  issue  was  developed.  The  following  sections 
contain  the  problem  statements  developed  by  the  PAC. 


7.2,1  Water  Quality  Related  Uses 


7.2.1.1  Water  Quality 


'The  water  in  the  lower  Niagara  River,  although 
it  generally  meets  the  provincial  water  quality  guide- 
lines, is  perceived  to  be  unacceptable  because  of 
possible  long-term  effects  related  to  the  toxics  it  con- 
tains. Impacts  on  aquatic  organisms  have  been  ob- 
served and  are  of  present  concern.  Lower  levels  of 
toxics  have  been  observed  in  the  upper  Niagara  River. 


In  the  upper  Niagara  River,  siltation  and  biologi- 
cal contamination  are  a  concern  to  municipal  water 
treatment  systems,  industry  and  Niagara  shore  wells. 
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The  impact  of  zebra  mussels  on  water  quality  is  a 
concern  thai  needs  to  be  investigated.  Water  quality 
guidelines  are  frequendy  exceeded  in  several  tributary 
streams. 


7.2.1.2  Clean  Air 


'The  water  of  the  Niagara  River  has  been  ad- 
versely affected  by  pollution  carried  through  die  air 
and  deposited  on  the  Niagara  River  Area  of  Concern 
by  acid  or  toxic  rain;  the  river  itself  is  also  a  source  of 
volatile  organic  chemicals  to  the  atmosphere.' 


7.2.2  Aquatic  and  Wildlife  Uses 

7.2.2.1  Aquatic  Life  (Flora  and  Fauna) 


'Aquatic  fiora  and  fauna  in  the  lower  Niagara 
River  Area  of  Concern  are  unsuitable  for  human  or 
animal  consumption.  The  bioaccumulation  of  toxins 
has  affected  the  production  and  species  composition 
of  Niagara  River  flora  and  fauna.* 

7.2.2.2  Birds  and  Mammals 


'The  reduced  quality  and  quantity  of  water  has 
impaired  die  food  source  and  habitat  of  birds  and 
mammals  in  the  lower  Niagara  River  Area  of  Con- 
cern. Increased  boating  activity  has  increased  the  risk 
to  resident  and  migratory  waterfowl  populations.* 


7.2.2.3  Wetlands 


'Waterbome  pollutants  and  encroaching  devel- 
opment have  reduced  the  quality  and  quantity  of 
weUand  for  use  by  native  fish,  wildlife  and  vegeta- 
tion.' 


7.2.2.4  Sediment  Quality 


'Contamination  of  sediment  in  the  Welland  River 
and  lower  Niagara  River  has  impaired  both  aquatic 
and  terrestrial  food  chains,  resulting  in  a  reduction  in 
the  species  composition  of  biota  and  increased  the 
body-burden  of  toxic  substances.  In  addition,  exces- 
sive erosion  in  uplands  areas  has  produced  excessive 
sillation  in  die  lower  Welland  River  and  die  moudis  of 
tributaries;  this  siltation  has  also  contributed  to  the 
reducbon  of  species  composition  and  the  loss  of  habi- 
tat.' 


7,2.3  Industrial,  Municipal  and 
Agricultural  Uses 

7.2.3.1  Power  Generation 


'The  use  of  the  Niagara  River  for  hydro-electric 
power  generation  can  be  limited  by  lake  water  levels. 
Physical  (suspended  solids),  chemical  (acidity)  and 
biological  (zebra  mussels)  contamination  reduces 
machine  efficiency,  and  increases  electricity  generat- 
ing costs  which  in  turn  affects  the  quality  of  life  in 
Ontario.' 
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7.2.3.2  Agricultural  Use 


'Use  of  waters  within  the  Niagara  River  Area  of 
Concern  for  crop  and  fruitiand  irrigation  as  well  as  for 
livestock  watering  is  perceived  to  lead  to  a  buildup  of 
toxins  in  food  for  consumption  by  humans  and  ani- 
mals.' 


7.2.3.3  Industrial  and  Municipal  Use 


'Physical  (contaminated  sediments/si  I  tation), 
chemical  (pathogenic  or  toxic  substances)  and  bio- 
logical (zebra  mussels,  algal  blooms)  contamination 
of  the  Niagara  River  increases  water  treatment  costs 
and  poses  a  threat  to  Niagara  River  wells  without 
sophisticated  treatment  systems.  These  also  reduce 
the  capability  of  the  river  to  assimilate  municipal  and 
industrial  wastewaters,' 


7.2.3.4  Commercial  Shipping 


'The  siltation  in  portions  of  the  upper  and  lower 
Niagara  River  as  well  as  on  the  Niagara  River  bar. 
combines  with  chemical  coniamination  to  produce  a 
risk  U)  commercial  shipping,  dredging  and  mining  of 
the  Niagara  bar.  In  addition,  commercial  shipping 
itself  can  result  in  release  of  chemical  and  biological 
agents  (spills)  which  are  themselves  threats  to  the 
Area  of  Concern.' 


7.2,3.5  Tourism  and  Economic 
Growth 


'Contamination  of  the  Niagara  River  and  its 
long-time  perception  as  an  "open  sewer",  combined 
with  extensive  flow  controls  adversely  affect  the  im- 
age of  the  Niagara  River  to  tourists  and  naturalists." 


7.2.4  Recreational  Uses 


7.2.4.1  Aesthetics 


'All  recreational  uses  experience  an  impairment 
of  aesthetics  due  to  the  visible  presence  of  algae, 
foam,  debris,  organic  odours  and  poor  water  clarity. 
Industrial  and  municipal  discharges,  landfill  sites  and 
poorly  planned  and  administered  development  and 
power  generation  projects  have  marred  the  natural 
beauty  of  die  Niagara  area.  The  Niagara  Parks  Trail  is 
reduced  to  urban  sidewalks  in  the  area  of  the  Niagara 
Falls.* 


7.2.4.2  Access 


'Waierbome  contamination  and  contaminated 
sediment,  along  with  drastically  fluctuating  water  lev- 
els restrict  the  areas  of  the  Niagara  River  accessible 
for  aquatic  activities.  The  amount  of  access  to  the 
lower  river  for  boating  is  insufficient.' 


7.2.4.3  Boating  and  Water  Sports 


'Contamination  of  the  waters  of  the  Niagara  and 
Welland  Rivers  by  bacteria,  toxic  chemicals  and  sedi- 
ment load  restricts  the  extent  of  primary  contact  rec- 
reation. Boating  is  affected  by  operation  of  water 
level  controls.  Boating  itself,  through  spillage  of  oil 
and  gas,  presents  a  risk  to  the  river  and  its  users.' 
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7.2.5  Fishing 


7.2,5.1  Sports  Fishing 


'Toxic  contaminants  in  the  lower  Niagara  River 
has  contributed  to  reduced  populations  of  native  spe- 
cies. Fish  in  the  lower  river  are  subject  to  unaccept- 
able concentrations  of  these  chemicals.  The  "image" 
of  poor  fish  quaiity  in  the  lower  river  affects  the 
amount  of  angling  in  this  area.' 


7.2.5.2  Commercial  or  Consumable 
Fishing 


'Niagara  River  fish  are  unsuitable  for  consump- 
tion. Consumption  guidelines  exist  from  MOE/MNR 
and  DEC  for  specific  sizes  and  species  of  fish  in  both 
the  upper  and  lower  Niagara  River,  based  on  a  variety 
of  toxins.' 


7.3  Problem  Definition  by 
the  RAP  Team 


The  RAP  team  independently  developed  a  set  of 
problem  definitions  for  the  Niagara  River  Area  of 
Concern.  The  purpose  was  to  ensure  that  all  environ- 
mental problems  not  identified  by  the  PAC  were 
identified  by  the  RAP  team  and  also  because  the  views 
of  each  group  may  focus  on  different  facets  of  a 
problem. 


Some  problems  identified  by  either  the  PAC  or 
the  RAP  team  may  not  be  remediated  by  this  RAP  or 
may  not  be  related  to  water  quality.  It  was  felt  thai 
these  problems,  once  identified,  should  not  be  dis- 
carded if  they  cannot  be  solved  through  the  RAP 


process.  In  stage  I  all  problems  are  identified;  in  stage 
n  the  problems  which  cannot  be  resolved  by  RAP 
options  will  be  identified  and  avenues  of  rssoluiion 
outside  of  the  RAP  process  discu.ssed. 


This  section  covers  the  problems,  both  real  and 
perceived,  in  the  Niagara  River  (Ontario)  Area  of 
Concern,  as  determined  by  the  members  of  the  RAP 
Team.  The  concerns  in  the  previous  sections  are 
described  in  detail  and  associated,  where  possible, 
with  the  potential  or  known  causes  described  in  the 
following  sections. 


The  descriptions  of  the  problems  and  impaired 
uses  were  structured  to  follow  as  closely  as  possible 
those  identified  separately  by  the  Public  Advisory 
Committee.  Each  problem  issue  is  identified  and 
described  in  five  parts  as  follows: 


Part  1)  Environmental  Scope  of  the  Problem 
Pan  2)  Description  of  Potential  Sources 
Part  3)  Impaired  Uses  Experienced 
Pan  4^  Data  Gaps 

Pan  5)  Current  Status  and  Acdvities  in  die  Prob- 
lem Issue. 


7.3.1  Water  Quality  Related 
Problems 


7.3.1.1  Water  Quality  Violations 


Scope: 

A  number  of  toxic  contaminants  have  been  iden- 
tified in  the  Niagara  River  at  levels  which  exceed 
water  quality  guidelines.  These  are;  iron,  PCBs. 
tetrachloroethylene,  benz(a)anthracene, 
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benzo(b)nuoranthene,  chrysene.  benzo(a)pyrene  and 
benzo(k)nuoramhene  ai  Niagara -on -the -Lake  and 
aluminum,  cadmium,  chromium,  copper,  lead  and 
silver  ai  other  locations  in  the  Niagara  River. 


Source: 

Chemicals  from  various  sources  such  as:  munici- 
pal, industrial  and  agricultural  point  and  non-point 
sources,  urban  runoff  and  in-place  pollutants  (con- 
taminated sediments)  can  affect  water  quality  in  the 
Area  of  Concern. 


Impairment: 

Water  quality  criteria  for  the  protection  of 
aquatic  life  are  exceeded. 


Data  Gaps: 

Some  chemicals  have  no  accepted  method  of 
analysis.  The  data  base  is  loo  small  lo  determine 
contaminant  trends. 


Status: 

Environment  Canada  has  been  conducting 
weekly  monitoring  at  Niagara-on-the-Lake  and  Fort 
Erie;  this  activity  is  scheduled  to  continue.  The  four- 
agency  Niagara  River  Toxics  Management  Plan 
(NRTMP)  includes  a  commitment  for  50%  reduction 
in  the  loading  of  chemicals  of  concern  from  point 
sources  by  1996.  The  Ontario  MOE  has  conducted 
ambient  river  monitoring  in  the  upper  and  lower 
Niagara  River.  These  data  are  currentJy  being  com- 
piled. Further  in-stream  monitoring  is  planned. 


7.3.1.2  Non-compliance  of  Industrial/ 
Municipal  Dischargers 

Scope: 

1988  monitoring  programs,  Industrial  Monitor- 
ing Information  System  (IMIS)and  Utility  Monitoring 
Information  System  (UMIS),  pre-MISA  point  source 
monitoring  and  reporting  programs  cover  the  discharge 
of  conventional  and  some  toxic  (on  a  case-by-case 
basis)  chemical  pollutants.  Non-comphance  occur- 
rences were  identified  at  the  following  sources: 

BOD  (B.F.  Goodrich,  Fleet,  Ford  and  Wash- 
ington Mills). 

Suspended  SoUds  (Atlas,  B.F.Goodrich,  Fleet, 
Washington  Mills  &  Stelco  Welland  Tube 
Works). 

Cadmium  (Atlas  Steel,  Fled). 

pH  (Atlas  Steel). 

Phosphorus  (Welland  WPCP.  Ft.  Erie  WPCP, 
Niagara  Falls  WPCP). 

Solvent  Extractables  [oil  &  grease]  (Slclco). 
Phenolics  (Can-Oxy  Durez). 


Source: 

All  sources  of  wastewater  and  cooling  water 
discharge  are  potential  sources  of  contamination.  All 
sources  have  chemical  level  requirements  for  their 
discharges  and  are  required  to  monitor  and  report 
measured  levels  on  a  regular  basis.  On  occasion, 
required  levels  are  exceeded  and  the  discharger  is 
considered  to  be  out  of  compUance  for  that  occasion. 
If  these  exceedances  are  excessive  or  frequent,  action 
is  taken  lo  correct  the  problem.  Discharge  monitoring 
records  show  that  the  following  industrial  and  munici- 
pal dischargers  were  out  of  compliance  at  least  once 
during  1988:  Atlas  Steels.  B.F.  Goodrich,  Fleet  Manu- 
facturing, Canadian  Oxy  Durez,  Ford  Glass,  Washing- 
ton Mills,  Niagara  Falls  WPCP,  Stelco  Welland  Tube 
Works,  Ft.  Erie  WPCP  and  Welland  WPCP. 
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Impairment: 

Water  quality  criteria  for  protection  of  aquatic 
life  are  exceeded. 

Data  Gaps: 

An  extensive  suite  of  monitored  parameters  are 
not  measured  at  this  time.  Some  industries  and  all 
sewage  treatment  plants  are  not  currently  under  the 
MISA  monitoring  program.  Compliance  limitations 
have  been  established  on  small  groups  of  chemicals, 
mostly  conventional  pollutants,  unul  discharge  regu- 
lations are  established  under  MISA.  MOE  monitors 
all  parameters  for  the  Niagara  River  Toxics  Manage- 
ment Plan  (NRTMP);  however,  these  results  are  not 
used  to  determine  compliance. 

Status: 

The  MISA  monitoring  program  is  currently 
underway  or  has  been  completed  for  7  of  14  Ontario 
dischargers  to  the  Niagara  River  or  its  tributaries.  The 
remainder  are  small  industries  that  are  anticipated  to 
be  included  in  future  MISA  programs. 


7.3.1.3  Unregulated  Discharges 


Scope: 

In  1989,  two  sources  of  untreated  wastewater 
existed  on  the  Ontario  side  of  the  Niagara  River.  Prior 
to  1990,  the  McMaster  Avenue  Combined  Sewer  dis- 
charged storm,  cooling  and  industrial  process  water 
and  raw  sewage  to  the  Welland  River.  The  Stanley 
Avenue  Combined  Sewer  was  separated  in  1984;  how- 
ever, it  still  carried  direct  discharge  of  industrial 
(Washington  Mills)  wastewater  to  Chippawa  Creek. 


Source: 

Water  quality  criteria  for  the  protection  of  aquatic 
life  are  exceeded  in  outfall  areas.  The  capability  of  the 
waterway  to  provide  body  contact  recreation  is  re- 
stricted in  nearby  areas. 


Impairment: 

Current  monitoring  programs  are  sufficient. 

Data  Gaps: 

Monitoring  of  the  McMaster  and  Stanley  Av- 
enue sewers  shows  contaminant  levels  are  reducing  as 
proper  sewer  connections  are  made  to  sanitary  sewers. 
The  discharge  of  wastewater  to  the  Stanley  Avenue 
sewer  is  predominantly  cooling  water  from  the  oil- 
water  separator  at  Washington  Mills  although  some 
sanitary  sewage  connections  still  exist  to  this  sewer. 
Separation  of  the  McMaster  Avenue  sewer  connec- 
tions continue.  The  City  of  Welland  connected  the 
remaining  discharge  to  the  Welland  WPCP  River 
Road  interceptor  in  1990  with  provision  for  overflow 
in  excessive  storm  events. 

Status: 

The  McMaster  and  Stanley  Avenue  combined 
sewers  have  been  separated  although  provision  has 
been  made  at  these  locations  for  emergency  overflow. 
The  urban  portion  of  the  Area  of  Concern  contains  a 
number  of  unregulated  discharges  to  the  Niagara  and 
Welland  Rivers  and  the  Power  Canal.  All  municipali- 
ties involved  are  undertaking  or  planning  Infrastruc- 
ture Needs  Studies  to  identify  and  resolve  these  issues. 
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7.3.1 .4  Combined  Sewer  Overflows 
(CSOs) 


Scope: 

Continual  raw  sewage  discharge  and  the  poten- 
tial for  additional  iniermiiient  overflow  exist  due  to 
age  and  design  of  combined  sewer  systems  and  the 
capacity  of  pumping  stations  and  forcemains  in  the 
sewage  systems. 


Source: 

Numerous  municipalities  in  the  Niagara  River 
Area  of  Concern  (both  Ontario  and  New  York)  operate 
combined  sewer  systems.  These  Municipalities  are 
the  City  of  Niagara  Falls  (Ontario),  City  of  Welland, 
Town  of  Fort  Erie,  Town  of  Niagara-on-the-Lake, 
City  of  Buffalo,  City  of  Niagara  Falls  (New  York), 
Town  of  Lewiston,  Town  of  Grand  Island,  City  of 
Tonawanda,  Town  of  Niagara  and  City  of  North 
Tonawanda. 


Impairment: 

Water  quality  criteria  for  the  protection  of 
aquatic  life  are  exceeded.  The  capability  of  the  water- 
way to  provide  body  contact  recreational  activities  is 
restricted  in  urban  areas. 


Data  Gaps: 

Intermittent  discharges  of  raw  sewage  from 
CSOs  are  not  required  to  be  monitored  at  this  time. 
Consequently,  not  much  information  exists  on  the 
chemical  composition  and  flows  associated  with  CSOs. 


Status: 

Ontario  CSOs  currently  are  being  addressed  in 
Pollution  Control  Plans  and  Infrastructure  Needs  Stud- 
ies under  development  by  the  Regional  Municipality 
of  Niagara. 


7.3.1 .5  Potential  Contamination  from 
Landfill  Sites 

Scope: 

Potential  and  actual  non-point  sources  (landfills) 
of  coniamination  were  identified  in  the  NRTC  report 
and  subsequent  reports  issued  by  individual  environ- 
mental agencies. 

Source: 

In  1984,  the  Niagara  River  Toxics  Committee 
identified  five  landfills  on  the  Ontario  side  of  the 
Niagara  River  that  had  a  significant  potential  to  leach 
contaminants  to  the  Niagara  River.  These  five  were 
the  Fort  Erie  (Bridge  Sl)  municipal  landfill.  Atlas 
Steels  landfill,  CNR  Victoria  Avenue  landfill,  Cyana- 
mid  Welland  plant  disposal  areas  and  Cyanamid 
Niagara  Falls  plant  waste  disposal  sites.  In  addition,  a 
large  number  of  hazardous  waste  disposal  sites  on  the 
New  York  side  of  the  Niagara  River  were  determined 
to  be  leaking  to  the  Niagara  River. 

Impairment: 

Water  quality  criteria  for  the  protection  of 
aquatic  life  are  exceeded. 

Data  Gaps: 

There  is  great  difficulty  in  establishing  the 
loadings  and  impacts  from  landfill  sites.  Although 
both  U.S.  EPA  and  MOE  have  attempted  to  estimate 
the  loadings  from  these  landfill  sites,  these  estimates 
are  inaccurate  due  to  the  complexity  of  the  calcula- 
tions and  the  uncertainty  of  the  databa.ses  available. 
Consequently,  estimates  may  be  out  by  several  orders 
of  magnitude.  Statistical  analysis  cannot  be  con- 
ducted on  the  limited  data  that  are  currently  available. 
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Status: 

All  sites  have  been  investigated.  MOE  prepared 
an  assessment  of  loadings  from  the  five  Ontario 
landfills  based  on  the  methodology  developed  by  U.S. 
EPA  in  its  prior  assessment.  U.S.  EPA  has  set  a 
timetable  for  reduction  of  contamination  from  U.S. 
hazardous  waste  sites  (99%  by  1996).  Ontario  has 
determined  that  one  landfill  discharges  continuously 
(CNR)  to  the  Niagara  River  system.  A  remediation 
plan  is  under  development. 


7.3.1.6  Potential  Impact  of 
Stormwater  Releases 

Scope: 

There  is  a  potential  for  impact  of  contaminants 
in  stormwater  on  the  Welland  and  Niagara  Rivers. 
This  involves  all  of  the  landmass  in  the  drainage  basin. 

Source: 

Stormwater  from  urban  and  rural  areas  has  the 
potential  for  contamination  of  surface  waters,  particu- 
larly with  respect  to  heavy  metals  (urban)  and  pesti- 
cides or  herbicides  (rural).  Release  of  organic  con- 
taminants such  as  fuels  and  de-icing  compounds  from 
servicing  facilities  at  Mount  Hope  Airport  and  Welland 
Airport  may  also  impact  receiving  waters  during  storm 
events. 


Impairment: 

Water  quality  criteria  for  protection  of  aquatic 
life  may  be  exceeded. 


Data  Gaps: 

Loadings  and  impacts  from  these  sources  are 
uncertain. 


Status: 

A  program  for  stormwater  runofT  from  airport 
facilities  is  currently  being  developed  by  MOE  West 
Central  Region.  Complete  characterization  of 
stormwater  will  be  performed  to  determine  if  a  prob- 
lem exists. 


7.3.1.7  Drinking  Water  Consumption 


Scope: 

The  presence  of  chemical  contaminants  in  the 
sources  of  potable  water  has  created  significant  con- 
cern among  the  public  that  its  tap  water  is  also  con- 
taminated. The  only  municipal  water  filtration  plant 
in  the  Niagara  River  AOC  is  in  Niagara  Falls  (Ont.). 
Tests  of  treated  water  at  this  facility  have  shown  it  to 
be  acceptable  for  drinking  purposes,  however,  some 
members  of  the  community  still  fear  that  the  water  is 
contaminated.  There  is  greater  concern  for  those  users 
of  shore  wells  along  the  banks  of  the  upper  and  lower 
Niagara  River,  whose  potable  water  supply  is  not 
routinely  treated  by  filtration  and  disinfection. 


Source: 

Chemicals  from  various  sources  such  as:  mu- 
nicipal, industrial  and  agricultural  point  &  non-point 
sources,  urban  rtinoff  and  in-place  pollutants  (con- 
taminated sediments)  can  affect  water  quality  in  the 
Area  of  Concern. 


Impairment: 

Consumption  of  Niagara  River  water  may  be 
affected  by  the  public  perception  that  the  treated  water 
may  contain  low  levels  of  toxics.  Tbere  is  also  belief 
that  the  Niagara-on-ihe-Lake  filtration  plant  was  taken 
out  of  service  in  1984  solely  because  of  chemical 
contamination  of  the  Niagara  River.  There  is  also 
increased  concern  over  the  use  of  chlorination  at 
filtration  plants  to  destroy  pathogenic  bacteria,  due  to 
the  creation  of  uihalomethanes  which  are  introduced 
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inio  ihe  treated  water  by  the  disinfection  process.  This 
has  resulted  in  the  increased  use  of  modified  water 
supplies  (bottled,  home  treatment). 


Data  Gaps: 

Enough  information,  no  data  gaps. 

Status: 

The  Niagara  Falls  drinking  water  supply  is  moni- 
tored regularly  as  part  of  the  Drinking  Water  Surveil- 
lance Program.  No  Provincial  Drinking  Water  Objec- 
tive has  been  violated  during  the  monitoring  program. 


7.3.1.8  Niagara  Mist 


Scope: 

Researchers  have  theorized  that  chemicals  in 
the  water  passing  over  the  Horseshoe  and  American 
Falls  volatilize  into  the  atmosphere  or  become  tied  up 
in  the  mist  generated  at  the  falls. 


Source: 

Chemicals  from  various  sources  such  as;  mu- 
nicipal, industrial  and  agriculuiral  point  and  non-point 
sources,  urban  runoff  and  in-place  pollutants  (con- 
taminated sediments)  introduced  into  the  upper  river 
can  affect  air  quality  at  Niagara  Falls  through 
volatilization. 


Impairment: 

The  belief  that  the  air  and  mist  at  Niagara  Falls 
is  contaminated  affects  the  aesthetics  of  the  area.  A 
second  aspect  of  this  is  a  health  concern  of  workers  at 
Niagara  Falls. 


Data  Gaps: 

The  air  in  the  Niagara  Mist  and  the  surrounding 
area  has  been  monitored  several  limes  and  no  indica- 
tion of  contaminants  at  elevated  levels  has  been  given. 
The  question  of  "fumes"  from  spills  to  the  river  can 
only  be  addressed  on  a  case-by-case  basis. 


Status: 

No  evidence  has  been  found  of  elevated  levels 
of  contaminants  in  the  water,  air  or  mist  which  would 
present  a  health  risk  associated  with  mist  from  the 
Falls.  There  may  be  some  air  pollution  risk  associated 
wiih  volatilization  of  chemicals  during  industrial  or 
municipal  spills  to  the  Maid  of  the  Mist  Pool  from  the 
Falls  Street  Tunnel  or  the  Adams  Tunnel,  due  to  the 
confined  space  in  the  Niagara  Gorge. 


7.3.1 .9  Water  Quality  Problems 
Associated  With  U.S.  Sources 

Scope: 

The  problems  in  the  Niagara  River,  particularly 
in  the  lower  river  are  created  by  sources  on  both  sides; 
however,  the  largest  amount  of  contamination  comes 
from  identified  and  suspected  sources  on  the  U.S.  side 
of  the  river.  If  the  Ontario  Area  of  Concern  alone  was 
cleaned  up,  the  problems  in  the  Niagara  River  would 
remain. 


Source: 

Point  source  discharges  in  the  New  York  portion 
of  the  Area  of  Concern  and  the  Buffalo  River  contrib- 
ute a  wide  range  of  chemicals  to  the  water  column. 
The  most  significant  portion  of  the  problem  is  be- 
lieved to  originate  in  leaking  hazardous  waste  sites. 
Many  extremely  toxic  chemicals  leach  directly  or 
through  groundwater  routes  to  the  Niagara  River.  In 
addition,  vast  urban  areas  and  contaminated  industrial 
sites  have  the  potential  lo  add  considerable  amounts  of 
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pollutants  in  stormwaiermnofT.  In-situ  sediments  con- 
taminated by  past  aciiviiies  leach  conlaminanls  to  the 
water  column  of  the  Niagara  River  and  its  feeder 
streams. 


Impairment: 

Fish  consumption  restrictions  and  exceedance 
of  water  quality  criteria. 


Data  Gaps: 

Data  is  continuously  collected  and  analyzed.  No 
major  data  gaps  are  believed  to  exist 


Status: 

The  Stale  of  New  York  is  currenUy  preparing  a 
Remedial  Action  Plan  for  the  Niagara  River  (New 
York)  Area  of  Concern.  The  Ontario  RAP  Team  and 
the  PAC  are  relying  on  this  RAP  lo  address  U.S. 
sources  of  contamination  that  are  creating  the  prob- 
lems in  either  Canadian  or  U.S.  waters  of  the  Niagara 
River. 


7.3,2  Aquatic  and  Wildlife  Problems 


7.3,2.1  Tumour  Incidence  in  Fish 


Scope: 

Researchers  have  undertaken  pathological  stud- 
ies of  several  fish  species  in  the  lower  Welland  River 
between  Welland  and  Montrose.  These  studies  have 
indicated  an  elevated  frequency  of  tumours  and  go- 
nadal neoplasms  in  wild  carp-goldfish  hybrids.  No 
conclusion  has  yet  been  made  whether  this  is  a  charac- 
teristic of  the  hybridization  or  of  the  environment. 
Deformities  have  been  noted  in  the  labial  plate  of  one 
group  of  benthic  organisms  (chironomids).  The  inci- 


dence of  deformity  is  elevated  over  those  larvae  taken 
from  natural  areas  but  it  has  not  yet  been  determined 
whether  this  is  a  result  of  urbanization  or  of  specific 
contamination  in  the  Welland  River. 


Source: 

Chemicals  from  various  sources  in  the  Welland 
River  watershed  such  as:  municipal,  industrial  and 
agricultural  point  and  non-point  sources,  urban  runoff 
and  in-place  pollutants  (contaminated  sediments)  can 
affect  water  and  sediment  quality  in  the  Area  of 
Concern.  This  coniamination  may  cause  cancer  in 
certain  aquatic  species. 

Impairment: 

The  occurrence  of  tumours  in  fish  sp>ecies  af- 
fects the  health  of  that  species  and  may  be  an  indicator 
of  future  effects  on  other  organisms. 


Data  Gaps: 

No  evidence  of  tumours  or  other  deformities  has 
been  noted  in  fish  from  the  Canadian  side  of  the 
Niagara  River.  New  evidence  exists  connecting  tu- 
mours with  contaminants  in  isolated  areas  on  the  U.S. 
side.  The  link  has  not  been  established  with  either  the 
environmental  condition  of  the  lower  Welland  River 
or  the  genetic  history  of  the  wild  carp-goldfish  hybrid. 
Investigations  into  deformities  of  chironomid  labial 
plates  has  not  yet  reached  the  stage  of  delamining  the 
cause  of  elevated  deformities  in  this  species. 


Status: 

University  researchers  are  continuing  the  study 
of  biota  in  the  Welland  River  to  determine  the  extent 
and  cause  of  deformities  in  aquatic  species. 
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7,3.2.2  Impaired  Benthic  Community 


Scope: 

Studies  have  shown  that  some  impairment  of  the 
benthic  community  exists  downstream  of  Strawberry 
Island  and  in  the  Tonawanda  Channel  (compared  to 
similar  locations  in  the  Chippawa  Channel)  and  at 
several  locations  in  the  lower  Niagara  River.  This 
impairment  correlates  well  with  contaminant  levels 
(heavy  metals,  PCBs,  endrin,  dieldrin,  miiex)  in  sedi- 
ment. 


Source: 

The  presence  of  elevated  levels  of  toxic  chemi- 
cals in  bottom  substrates,  particularly  the  shallow 
sediments,  causes  a  decline  in  benthic  species  diver- 
sity. 

Impairment: 

Sediment  guidelines  for  protection  of  aquatic 
life  (benthos)  lowest  effect  level  (LEL)  have  been 
exceeded  in  some  locations.  Provincial  sediment  guide- 
lines are  also  exceeded  in  some  cases  of  severe  impair- 
ment severe  effect  level  (SEL). 


Data  Gaps: 

The  effects  of  sediment  quality  on  aquatic  organ- 
isms have  not  yet  been  sufficiently  studied  to  develop 
guidelines  for  many  chemicals  of  concern.  In  addition, 
there  are  currently  inadequate  data  on  body-burden. 


Status: 

Draft  Provincial  Sediment  Quality  Guidelines, 
(PSQG).  have  been  developed  by  MOE  to  assist  in 
determining  areas  and  extent  of  impact.  Draft  PSQG 's 
are  currently  being  applied  in  some  RAP  AOC's  for 
existing  parameters.  Some  chemicals  do  not  yet  have 
criteria  established. 


7.3.2.3  Fish  Kills 


Scope: 

At  times,  chemical  contaminants  have  been  dis- 
charged at  levels  exceeding  acute  toxicity  levels  for 
some  or  all  aquatic  species  (flora  and  fauna)  in  the 
Area  of  Concern  (at  some  locations  in  Welland  River 
and  some  tributaries).  These  are  associated  with 
spills,  or  in  the  past,  with  acutely  toxic  effluents  or 
shock  loadings. 


Source: 

Fish  kills  are  associated  with  acutely  toxic  lev- 
els of  contaminants,  which  occur  as  a  result  of  releases 
during  agricultural  or  industrial  spills  or  effluent  dis- 
charges. 


Impairment: 

During  a  spill,  water  quality  criteria  for  protec- 
tion of  aquatic  life  are  frequently  exceeded.  There  is 
a  localized  temporary  or  long-term  reduction  in  fish 
populations  depending  on  frequency  of  these  events. 
Severe  occurrences  may  reduce  the  invertebrate  and 
vegetative  communities.  Long-term  occurrences  may 
alter  the  species  composition  of  all  aquatic  organisms. 


Data  Gaps: 

Fish  kills  are  relatively  well  understood  as  they 
relate  to  acute  toxicity.  The  sub-lethal  effects  of  many 
chemicals  are  not  known.  Some  fish  kills,  such  as  the 
March  1992  kill  of  shad  and  alewife  in  Lake  Erie  that 
resulted  in  hundreds  of  dead  fish  in  the  Niagara  River 
has  been  attributed  to  natural  causes,  although  the 
specific  cause  is  unknown.  Pathological  testing  has 
ruled  out  chemical  toxins  as  the  cause. 


Status: 

Industries  and  government  sites  with  the  poten- 
tial for  or  history  of  spills  have  been  directed  by  the 
Ministry  of  the  Environment  to  prepare  spill  plans  to 
mitigate  the  damage  of  spills  on  or  from  their  proper- 
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ties.  These  poieniial  spill  sources  are  also  required  to 
provide  containment  for  liquid  storage  facilities  on 
their  properties.  These  measures  attempt  to  contain  or 
minimize  the  environmental  impact  (generally  fish 
kills)  of  spills  from  known  sites;  however,  fish  kills 
can  occur  from  many  other  natural  and  man-made 
occurrences  and  these  may  be  difficult  or  impossible 
to  control. 


7.3.2.4  Degraded  Fish  Populations 


Scope: 

A  reduction  in  fish  populations  has  been  noted 
for  the  upper  Niagara  River.  Species  include:  stur- 
geon, emerald  shiner,  and  northern  pike.  In  the 
Welland  River  and  other  tributaries  of  the  Niagara 
River,  a  decline  in  the  population  of  most  fish  species 
has  been  noted. 


Source: 

A  number  of  causes  have  been  identified  as 
contributing  lo  the  decline  in  fish  populations,  particu- 
larly among  native  fish  species.  Most  causes  are  the 
result  of  human  activities  which  have  resulted  in 
significant  habitat  degradation.  Natural  erosion  and 
siltation  have  been  compounded  by  human  activities 
in  the  basin,  which  have  increased  the  sediment  load- 
ing considerably  from  non -conservative  agricultural 
activities.  The  natural  barrier  of  the  Niagara  Falls  has 
blocked  a  major  potential  migration  route  for  river 
spawning  species.  Salmonoid  slocking  in  Lakes  Erie 
and  Ontario  have  increased  the  competition  for  food 
for  native  fish  populations.  Over  the  past  three  dec- 
ades, considerable  progress  has  been  made  in  reducing 
excessive  nutrient  enrichment  of  Lake  Erie  and  the 
Welland  River;  however,  considerable  nutrient  en- 
richment still  occurs  from  bottom  sediments  and  from 
agricultural  runoff.  Another  factor  in  declining  fish 
populations  is  summer  water  stagnation  in  some  tribu- 
taries causing  severe  oxygen  depletion  and  stress  to  all 
resident  fish  species.  The  burden  of  acute  and  chronic 
toxicity  from  spills  also  contributes  to  a  decrease  in 
fish  population  or  a  migration  of  species  to  another 


area.  It  is  also  considered  that  the  presence  of  the  Lake 
Erie  ice  boom  which  holds  the  ice  sheet  back  over 
Lake  Erie,  delays  warming  of  water  in  the  spring  and 
this  may  affect  fish  populations  in  the  Niagara  River 
and  Lakes  Erie  and  Ontario. 


Impairment: 

Human  activities  and  natural  occurrences  com- 
bine to  degrade  or  scess  native  fish  populations.  This 
results  in  a  hmitation  of  sport  fishing  harvest  from  the 
Niagara  River  and  its  tributaries,  as  well  as  a  depletion 
of  baitfish  stocks. 


Data  Gaps: 

No  data  are  currently  available  to  determine  the 
status  of  the  emerald  shiner  and  grass  pickerel.  Some 
endangered  or  rare  species,  such  as  the  sturgeon,  are 
loo  scarce  to  determine  trends,  although  indications 
are  that  the  species  will  soon  become  (or  may  already 
be)  extirpated  from  this  area. 


Status: 

For  most  areas,  degradation  appears  to  be  the 
result  of  mechanical  or  natural  alteration  of  the  drain- 
age basin.  Secondary  impacts  result  from  ctmtami- 
nant  loadings. 


7.3.2.5  Loss  of  FishAVildlife  Habitat 


Scope: 

Loss  of  habitat  for  both  fish  and  wildlife  is 
primarily  associated  with  man's  activities. 


Source: 

Land  development  in  the  Niagara  region,  as 
well  as  the  rest  of  ihe  Great  Lakes  Basin,  has  resulted 
in  the  destruction  of  and  encroachment  on  vast  areas 
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of  natural  terrain.  Erosion  of  cleared  lands,  removal 
of  vegetation  and  chemical  contamination  has  further 
reduced  the  usable  habitat  of  fish,  birds  and  wildlife. 
One  of  the  significant  problems  has  been  the  loss  of 
shoreline  habitat  and  wetlands  through  shoreline  re- 
construction and  development. 


The  high  river  velocity  between  Fort  Erie  and 
Niagara-on-the-Lake  has  resulted  in  significant  depo- 
sition in  Lake  Ontario.  Excessive  nutrient  enrichment 
and  the  presence  of  other  contaminants  have  reduced 
the  acceptable  areas  for  fish  and  wildlife. 


Impairment: 

Fish  and  Wildlife  habitat  has  been  lost  from  the 
Area  of  Concern  for  a  number  of  reasons,  most  associ- 
ated with  the  activities  of  humans. 


Data  Gaps: 

Little  information  is  available  on  many  wildlife 
issues  in  the  Niagara  Peninsula  including  habitat.  The 
rural-suburban  nature  of  the  Area  of  Concern  has 
already  effected  changes  from  pristine  conditions, 
modifying  habitat.  Few  studies  on  wildlife  habitat 
have  been  carried  out  in  the  vicinity  of  either  the 
Niagara  River  or  its  tributaries. 


There  is  no  information  on  fish  habitat  in  the 
middle  section  of  the  Niagara  River  due  mainly  to  its 
inaccessibility.  The  habitat  of  the  remainder  of  the 
Niagara,  as  well  as  the  Welland  River  and  the  other 
tributaries  has  not  been  extensively  studied. 


Status: 

The  RAP  Team  is  planning  to  investigate  habi- 
tat in  future  studies,  depending  on  the  availability  of 
funding  for  these  activities. 


7.3.2.6  Contaminants  in  Wildlife 


Scope: 

Elevated  levels  of  PCBs.  mirex,  b-BHC  and 
dieldrin  have  been  detected  in  black-crowned  night 
heron  eggs  taken  from  nests  along  the  Niagara  River. 
In  addition,  mirex  has  been  found  for  a  number  of 
years  in  common  tern  and  herring  gull  eggs  taken  from 
nesting  colonies  in  the  Niagara  River.  Analysis  of 
waterfowl  has  shown  measurable  levels  of  PCBs  and 
DDT.  The  most  noticeable  wildlife  species  affected 
by  contamination  are  the  aquatic  birds;  no  assessment 
has  yet  been  made  regarding  uptake  of  contaminants 
by  mammals. 


Source: 

Chemicals  from  various  sources  such  as:  munici- 
pal, industrial  and  agricultural  point  and  non-point 
sources,  urban  runoff  and  in-place  pollutants  (con- 
taminated sediments)  can  affect  water  quaUty  in  the 
Area  of  Concern.  Contaminants  taken  up  by  wildlife 
in  the  area,  either  directly  or  through  the  food  chain, 
may  be  bioconcentrated. 


Impairment: 

No  known  consumption  advisories  are  in  effect 
for  Niagara  area  wildlife  (birds  or  mammals).  El- 
evated levels  of  some  contaminants  in  the  past  have 
caused  genetic  or  reproductive  abnormalities  in  some 
waterfowl.  The  GLWQA  ObjecUve  for  concentration 
of  PCBs.  for  the  protection  of  fish-eating  birds,  has 
been  exceeded  in  fish  species. 


Data  Gaps: 

Analysis  of  ccMitaminanis  in  some  wildlife  con- 
tinues on  a  reduced  scale.  Many  wildlife  species  have 
not  been  investigated  to  determine  whether  or  not 
adverse  effects  have  been  experienced. 
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Status: 

The  Canadian  Wildlife  Service's  herring  gull 
egg  monitoring  program  is  still  operational.  A  collec- 
tion of  herring  gull  and  night  heron  eggs  was  again 
conducted  in  1989  and  chemical  analysis  is  still  out- 
standing. Tests  conducted  in  1986  on  herring  gull 
eggs  indicate  that  dioxin  levels  appear  to  have  de- 
clined from  previous  years'  samples. 


7.3.2.7  Contaminated  Sediments 


Scope: 

Elevated  levels  of  heavy  metals  were  found  in 
the  Sir  Adam  Beck  PCS  Reservoir  and  at  tributary 
mouths.  Mining  of  the  Niagara  Bar  may  contribute 
contaminants  to  the  Lake  Ontario  water  column. 


Source: 

Chemicals  from  various  sources  both  inside  and 
outside  of  the  Area  of  Concern  such  as:  municipal, 
industrial  and  agricultural  point  and  non-point  sources, 
urban  runoff  and  in-place  pollutants  (contaminated 
sediments  from  upstream  locales)  can  affect  water 
quality  in  the  Area  of  Concern.  Elevated  chemical 
levels  in  the  water  column  or  suspended  sediment 
create  elevated  levels  of  chemicals  in  bottom  substrate, 
particularly  the  shallow  sediments. 


Impairment: 

Sediment  guidelines  for  protection  of  aquatic  life 
(benthos)  are  being  exceeded.  Sediment  guidehnes  for 
open  water  disposal  have  been  exceeded  for  the  follow- 
ing compounds:  arsenic,  cadmium,  chromium,  silver, 
copper,  iron,  lead,  nickel  and  zinc  in  sediments  in  the 
Sir  Adam  Beck  Reservoir  and  at  tributary  mouths. 


Data  Gaps: 

Although  studies  have  been  made  of  contami- 
nants within  the  Area  of  Concern,  the  fast-flowing 
nature  of  the  Niagara  River  tends  to  maintain  sedi- 
ment in  suspension  until  current  velocity  decreases  at 
the  mouth  of  the  River  where  most  of  the  sediment 
load  is  deposited  at  the  Niagara  River  Bar  in  Lake 
Ontario.  At  this  time,  little  is  known  about  the  compo- 
sition and  areal  extent  of  contamination  in  the  deposi- 
tion zone,  hence,  more  information  is  needed  on  the 
Niagara  River  Bar  as  a  whole  before  conclusions  can 
be  made  about  the  environmental  health  of  this  area. 


Status: 

Chemical  contaminants  in  the  sediment  do  not 
currently  restrict  dredging  operations  on  the  Ontario 
side  of  the  Niagara  Bar. 


7.3.2.8  Atlas  "Reer 


Scope: 

Investigations  by  government  agencies  and  uni- 
versity researchers  have  discovered  the  presence  of  a 
zone  of  extensive  iron  oxide  deposition  in  the  Welland 
River.  This  deposit  manifests  itself  as  a  semi-sub- 
merged 'reef  of  hard  material,  which  also  contains 
high  levels  of  heavy  metals  in  exceedance  of  provin- 
cial sediment  guidelines. 


Source: 

The  reef  is  attributed  to  historical  discharge  of 
heavy  metal  laden  wastewater  from  Atlas  Steels.  These 
solids  have  combined  with  sediment  load  from  agri- 
cultural erosion  in  the  upstream  Welland  River  to 
produce  a  rock-hard  deposit  in  the  Welland  River. 
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Impairment: 

Sediment  guidelines  forproteciion  of  aquatic  life 
(benthos)  have  been  exceeded.  Sediment  guidelines 
for  open  water  disposal  have  also  been  exceeded  for  a 
number  of  heavy  metals.  The  potential  for  resuspension 
and  partition  back  into  the  water  phase  may  lead  to 
exceedance  of  aquatic  criteria  for  protection  of  aquatic 
life. 


Data  Gaps: 

Extensive  studies  of  the  reef,  undertaken  in 
1989  and  1990  have  defined  the  extent  of  these  con- 
taminated sediment  areas.  Upstream  (ambient)  sedi- 
ment contamination  and  sources  are  a  concern.  These 
have  been  and  will  continue  to  be  investigated  through 
Ministry  of  the  Environment  abatement  activities. 


Similar  contamination  of  the  flood  plain  of  the 
Welland  River  has  been  identified.  Attempts  are 
underway  to  delineate  the  extent  of  this  contamina- 
tion. 


The  success  of  dredging  and  treatment  tech- 
nologies used  during  the  1991  demonstration  project 
are  still  being  reviewed  and  the  results  are  not  currently 
available.  This  Stage  II  activity  is  expected  in  the 
spring  of  1992. 


Status: 

The  extent  of  contaminated  sediment  has  been 
well  defined.  The  contaminated  floodplain  areas  have 
been  investigated  and  the  data  is  being  inlerpreied. 
The  company,  in  association  with  Environment  Canada 
under  Great  Lakes  Action  Plan  funded  programs  un- 
dertook a  dredging  and  treatment  demonstration 
project  in  the  fall  of  199 1 .  The  information  is  currently 
being  evaluated  and  a  report  on  the  success  of  the 
demonstrated  methods  is  expected  in  1992.  If  that 
report  indicates  success  of  the  methods  tested,  full- 
scale  removal  and  treatment  of  the  contaminated 
sediments  will  be  undertaken. 


7.3.3  Industrial,  Municipal  and 
Agricultural  Problems 


7.3.3.1  Potential  Impact  of  Municipal 
and  Industrial  Development 

Scope: 

Discharge  of  contaminants  from  public  and  pri- 
vate land  development  may  impact  the  water  quality 
of  the  Welland  and  Niagara  Rivers  if  environmental 
considerations  are  not  stressed  in  the  planning,  imple- 
mentation and  operational  phases. 

Source: 

The  discharge  of  stormwater  containing  toxic 
ccmtaminants  or  causing  excessive  soil  loss  may  im- 
pair aquatic  habitat  and  degrade  aquatic  life. 

Impairment: 

Water  quality  criteria  for  protection  of  aquatic 
life  may  be  exceeded. 


Data  Gaps: 

Loadings  and  impacts  from  each  source  must  be 
evaluated  on  a  case-by-case  basis  and  all  feasible 
measures  taken  to  minimize  environmental  impact. 


Status: 

Development  in  the  Peninsula  is  slow  during 
1991-92  due  to  the  impact  of  the  recession;  however, 
the  area  is  prime  for  development  throughout  when 
the  economy  recovers.  Major  projects  underway 
which  may  affect  the  aquatic  environment  are  die 
proposed  OWMC  facility  in  West  Lincoln  and  the 
expansion  of  the  Sir  Adam  Beck  Hydro  electric  facil- 
ity in  Queenston.  Botii  of  these  projects  are  involved 
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in  Ihe  Ontario  Environmenial  Assessment  (EA)  proc- 
ess. Minimal  impacts  should  occur  if  all  issues  are 
addressed  under  the  EA  process. 


7.3.4  Recreational  Problems 


7.3.4.1  Eutrophication  or  Undesirable 

Algae 

Scope: 

High  nutrient  levels  in  the  slower  moving  por- 
tions of  the  watershed  have  created  areas  of  abundant 
macrophyte  and  algal  growth. 

Source: 

On  the  Ontario  side,  sewage  treatment  plants  at 
Fort  Erie  and  Niagara  Falls  are  occasionally  out  of 
compliance  for  discharge  of  total  phosphorus.  Sew- 
age treatment  plants  on  the  U.S.  side,  combined  with 
storm  water  runoff,  may  cause  non-compliance  areas 
in  the  Tonawanda  Channel.  Misapplication  of  fertiliz- 
ers in  the  heavily  agricultural  areas  of  the  Welland 
River,  combined  with  sheet  erosion  of  soil-bound 
nutrients,  may  complicate  the  problems  in  the  lower 
Welland  River. 


Wastewater  discharges  from  Cyanamid's 
Welland  Plant  fertilizer  facility  may  provide  nutrient 
enrichment  in  downstream  areas  where  levels  are 
below  toxic  concentrations. 


Impairment: 

The  levels  of  total  phosphorus  generally  exceed 
Water  Quality  criteria  at  most  Ontario  tributary  mouths 
and  in  the  Tonawanda  Channel.  Excessive  nitrogen 
levels  are  still  present  in  the  lower  Welland  River. 


Data  Gaps: 


Environmental  data  on  the  lower  Welland  River 
are  scarce  both  in  terms  of  nutrient  levels  and  aquatic 
communities. 


Status: 


Environmental  studies  were  carried  out  in  the 
Welland  River  in  the  summer  of  1990. 


7.3,4.2  Presence  of  Scum  or  Debris 
in  Water  or  on  Shore 

Scope: 

Public  concern  has  been  raised  over  the  exist- 
ence of  foam  and  debris  at  the  docking  area  and 
midstream  in  the  Maid  of  the  Mist  Pool. 

Source: 

No  upstream  sources  of  foaming  agents  are 
known.  At  the  Horseshoe  Falls,  no  wastewater  dis- 
charges are  present  upstream.  Investigations  of  the 
foam  show  that  the  foaming  agents  are  naturally  oc- 
curring compounds,  known  as  lipids. 
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Impairment: 

No  criteria  exist  for  contaminant  concentrations 
in  foam.  The  foam,  which  is  hght  brown  in  colour, 
contributes  lo  a  degradation  of  aesthetics. 


Data  Gaps: 

Although  some  research  has  been  done  on  the 
constituents  and  mechanisms  of  the  foam,  analytical 
methods  and  interpretative  methods  do  not  exist. 


Status: 

It  is  likely  with  the  identification  of  the  natural 
origin  and  composition  of  the  foam,  that  nothing  can 
be  done  lo  reduce  the  amounts  of  this  natural  phenom- 
enon. Given  the  wildness  of  nature,  the  foam  and 
debris  will  continue  to  occur.  Debris  of  human  origin 
occurs  when  human  products  go  up  against  nature. 
This  man  versus  the  elements  battle  is  likely  lo  con- 
tinue. 


7.3.4.3  Bacterial  Contamination 


Scope: 

Bacterial  contamination  has  resulted  in  closings 
of  each  monitored  beach  in  the  Area  of  Concern.  In 
addition,  posting  of  other  areas  has  also  occurred. 


Source: 

Bacterial  contamination  may  occur  from  Mu- 
nicipal WPCPs  with  inadequate  disinfection, 
stormwaier  runoff,  greywater  discharges  or  bypass- 
ing, combined  sewer  overflows  and  failed  septic  sys- 
tems on  both  sides  of  the  river  and  on  tributaries. 


Impairment: 

Swimming  at  monitored  beaches  and  in  tributar- 
ies is  at  times  impaired.  Water  quality  criteria  are 
exceeded  for  total  and  fecal  coliforms  at  locations  in 
the  Welland  River  drainage,  Chippawa  Channel  and 
lower  Niagara  River. 


Data  Gaps: 

Current  beach  monitoring  programs  are  suffi- 
cient. 

Status: 

A  report  on  1988  water  quality  conditions  is  in 
progress. 


7.3.5  Fishing  Problems 

7.3.5.1  Contaminants  in  Fish  Flesh 


Scope: 

Unacceptable  levels  of  toxic  chemicals  are  found 
in  fish  taken  from  the  Niagara  River.  Consumption 
advisories  are  in  effect  for  large  size  classes  of  all 
sport  fish.  High  levels  are  also  found  in  non-sport 
species. 


Source: 

Chemicals  from  various  sources  such  as:  mu- 
nicipal, industrial  and  agricultural  point  and  non-point 
sources,  urban  runoff  and  in-place  pollutants  (con- 
taminated sediments)  can  affect  water  quality  and 
subsequently  fish  populations  in  the  Area  of  Concern. 
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Impairment: 

The  1989  Guide  to  Eating  Ontario  Sports  Fish 
identifies  contaminant  groups  in  consumable  species 
and  provides  consumption  advisories.  In  the  lower 
Niagara  River  (Queenston  to  Whirlpool)  and  nearshore 
areas  of  Lake  Ontario  (Niagara-on-ihe-Lake  to  Jordan 
Harbour),  consumption  advisories  are  in  place  for 
large  sizes  of  the  following  species: 


■  Chinook  salmon, 

■  coho  salmon, 

-  lake  trout, 

•  rainbow  trout, 

■  brown  iiDUt, 

■  carp, 

•  american  eel, 

-  smallmouth  bass. 

•  white  bass, 

-  freshwater  drum, 

-  channel  catfish. 

•  yellow  perch  and 

•  white  perch. 


In  addition  to  these  consumption  advisories,  the 
commercial  eel  fishery  on  both  sides  of  western  Lake 
Ontario  is  currently  closed. 


In  addition  to  consumption  advisories  in  the 
lower  Niagara  River  and  Lake  Ontario,  consumption 
advisories  are  currently  listed  for  larger  size  classes  of 
two  species  in  the  upper  Niagara  River:  freshwater 
drum  and  white  suckers. 


Elevated  levels  of  contaminants  identified  in  the 
edible  portions  of  these  species  include:  mercury  in 
the  upper  river  and  mercury,  PCBs  and  mirex  in  the 
lower  river. 


Elevated  levels  of  PCBs  and  organochlorine 
pesticides  have  also  been  detected  in  scientific  studies 
of  fish  species  lower  in  the  food  chain,  young-of-the- 
year  spottail  shiners,  at  some  locations. 


Besides  exceeding  levels  for  unlimited  consump- 
tion by  humans,  the  levels  of  PCBs  in  fish  also  exceed 
the  GLWQA  PCB  Objective  for  the  protection  of  fish- 
eating  birds. 


Data  Gaps: 

The  analysis  of  contaminants  in  fish  flesh  is 
restricted  to  sport  fish  and  some  indicator  species  such 
as  spottail  shiners.  Many  fish  species  are  not  tested.  In 
addition  analysis  of  the  fish  that  are  tested  is  restricted 
to  those  numbers  and  size  classes  that  are  collected. 
Despite  these  shortcomings,  the  fish  contaminants 
program  has  an  excellent  database  to  evaluate  con- 
taminants in  those  species  caught  for  human  con- 
sumption. 


The  sub-lethal  or  chronic  effects  of  these  con- 
taminants on  the  fish  themselves  are  not  well  known. 


Status: 

Fish  flesh  contamination  programs  will  con- 
tinue to  be  a  major  joint  project  of  the  Ministries  of 
Natural  Resources  and  Environment.  More  data  makes 
trend  analysis  easier  to  undertake  and  this  information 
is  essential  to  the  removal  of  consumption  restrictions 
and  the  delisting  of  Areas  of  Concern. 
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7.3.5,2  Tainting  of  Fish 


Scope: 

There  exists  a  potential  for  fish-iainiing  in  cer- 
tain portions  of  tiie  Niagara  River  Area  of  Concern 
due  to  sources  of  phenolic  input  to  the  river  and  its 
tributaries.  Evidence  of  elevated  levels  of  total 
phenolics  in  the  Niagara  River  exists,  occasionally 
exceeding  criteria.  Non-compliance  discharge  of 
phenolics  to  Frenchman  Creek  has  been  reported. 

Source; 

Phenolic  compounds  from  several  sources  in  the 
Area  of  Concern  such  as:  municipal  and  industrial 
point  and  non-point  soiures,  urban  runoff  and  in-place 
pollutants  (contaminated  sediments)  can  affect  water 
quality  and  consequentJy.  taint  fish  flesh  in  the  Area  of 
Concern.  One  local  source  of  phenolics  to  Frenchman 
Creek  is  located  in  Fort  Erie. 


Impairment: 

The  suitability  of  fish  for  human  consumption  is 
potentially  affected. 


Data  Gaps: 

No  direct  link  between  sources  of  phenolic  com- 
pounds and  fish  tainting  has  been  made.  There  is 
currently  no  evidence  that  fish  tainting  is  an  actual 
problem  in  the  Niagara  River  Area  of  Concern. 


Status: 

The  Ontario  Ministry  of  the  Environment  is 
continuing  compliance  monitoring  activities  for  phe- 
nohc  compounds.  Abatement  action  over  the  past 
decade  has  significantly  reduced  the  total  loadings 
and  concentration  of  phenohcs. 


7.3.5.3  Reduced  Fisheries 
Production 


Scope: 

The  numbers  of  emerald  shiners  in  the  upper 
Niagara  River  has  declined  over  the  past  10  years, 
resulting  in  a  reduced  harvest  of  tiiis  species  by  the 
bait  fish  industry. 


Source: 

The  decline  in  the  emerald  shiner  population  has 
been  attributed  to  overfishing  by  the  commercial  in- 
dustry. However,  other  possible  causes  include:  the 
recovery  of  walleye  populations  in  Lake  Erie,  stock- 
ing of  salmonoids  in  Lake  Erie,  lake  water  levels, 
behaviourial  changes  in  emerald  shiners,  destructicm 
of  tributary  stream  habitat  and  Lake  Erie  phosphorous 
reductions.  Other  causes  likely  exist  but  have  not 
been  studied. 


Impairment: 

A  decline  in  the  population  of  emerald  shiners 
may  be  indicative  of  potential  future  problems  in  the 
food  chain  supply.  Further  decline  may  result  in  an 
impaired  fishery  in  the  upper  Niagara  River  both  bait 
and  sport  fishery). 


Data  Gaps: 

Inadequate  data  exist  to  determine  the  extent  of 
this  problem. 


Status: 

Studies  on  the  trend  of  the  population  of  this  fish 
are  not  available  nor  are  plans  underway  to  collect  this 
information  at  this  time. 
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ERRATUM 


7.2.1.2   Water  for  Human  Consumption 


'The  water  of  certain  sections  of  the  Niagara  River  is 
unacceptable  for  human  consumption  in  municipal  systems, 
river  wells  and  for  sanitary  use.  The  presence  of 
varying  amounts  of  toxic  chemicals  in  potable  water 
(including  trihalomethanes  from  water  treatment)  lead  to 
a  perception  or  fear  that  drinking  the  water  is  damaging 
to  health  in  the  long  term .  There  is  some  perception 
that  the  cancer  rate  in  the  Niagara  Region  is  higher  than 
the  provincial  average.  In  the  upper  Niagara  River, 
siltation  and  biological  contamination  (zebra  mussels  and 
algal  growth)  pose  a  threat  to  municipal  water  treatment 
systems  and  Niagara  River  shore  wells.' 
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